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Summary 
 
Chapter 1 Background and objectives  
Honduras is a republic in Central America. Lake Yojoa is the only freshwater 
lake in Honduras and was decreed the protected area in the category of multiple uses. 
The principal contaminants of the Lake Yojoa are: agrochemical contaminants, 
pathogenic microorganism and heavy metals. In the world, different water 
management techniques have been developed, but most of the treatments are focused 
on reservoirs rather than the water sources. The three main watersheds of the Lake 
Yojoa are; Cianuro River, Yure River and Varsovia River watersheds. Some Water 
pollutant removal methods include activated carbon, reverse osmosis membranes, 
eco-block, effective microorganisms, filter feeders and water plants, these can absorb 
nutrients, suspended solids and even chemical pollutants from water.  
Within the usage of effective microorganisms an immobilization medium is 
necessary. The most common immobilization mediums are man-made contrasting 
with the natural medium that may be successful at immobilization. The eco-block is 
one of the most popular man-made immobilization mediums. However, the 
production of the eco-block requires the use of furnace and clay materials that are not 
cheap to get in Honduras. Therefore, the use of a natural immobilization medium 
may be required. The silk cocoon of Rothschildia Silkmoth has porous structures and 
shell holes which can be observed in other Saturniids and used to immobilize 
effective microorganisms. The use of the eri cocoon (Samia cynthia ricini) as an 
immobilization medium has never been attempted. Considering all of the information 
above and the references on the area, the general objectives of this dissertation are to 
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create an economical, functional and easy to implement water filtering system to 
preserve water quality of the Lake Yojoa by using popular technology and biological 
agents, and to determine the state of the pollution of the water sources of the Lake 
Yojoa and the potential field application to mitigate the eutrophication. 
 
Chapter 2 Geographical characteristics of watersheds of Lake Yojoa  
The knowledge of the main characteristics of the watersheds of the Lake Yojoa 
is important to recognize the causes and sources of pollutants that affect the water 
quality. Detailed information on slope, land cover, land use and delimitation of the 
three main watersheds is important to observe the reasons of quality degradation of 
the water that reach the lake. By understanding the land uses, land extension and the 
general management, it is easier to understand the quality of water that flows out of 
those watersheds. So, this chapter dealt with the detail and concrete information of 
the main water sources of the Lake Yojoa for understanding the land situation of the 
watersheds. The watershed of Cianuro River is located to the west of the Lake Yojoa. 
Eighty five percent (85%) of the surface is formed by hillside terrain (> 15% slope). 
Forty five percent (45%) of the watershed surface is covered by trees and bushes. In 
this watershed, according to the National Institute of Statistics of Honduras, 44% of 
the land is overused, the most part of overuse is presented by the presence of 
agriculture and zones with less vegetable coverage on hillsides. The Varsovia 
watershed is located to the southeast of the Lake Yojoa. Eighty five percent (85%) of 
the surface of the Varsovia watershed is hillside terrain (>15% slope). About 70% of 
the land in this watershed is covered by trees and bushes. Twenty three percent (23%) 
of the land of this watershed is categorized as overused land. The Yure watershed is 
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located to the east of the Lake Yojoa. Ninety one percent (91%) of the surface is 
hillside terrain (>15% slope). Seventy one percent (71%) of the surface is covered 
with trees and bushes. About 24% of the Yure watershed is categorized as overused. 
Even if the coverage in the recharge zones is good, the over use in the agriculture 
zones presents a release of nutrients towards the lake that has to be quantified. 
 
Chapter 3 Input of pollutants by tributaries of Lake Yojoa, Honduras 
Understanding the information on Chapters 1 and 2, the knowledge of the 
amounts of pollutants being discharged into the lake is necessary before attempting 
to create a waste water treatment system to mitigate eutrophication of the lake. The 
objective of this chapter was, hence, to evaluate and quantify the amounts of 
pollutants that each river deposits in the Lake Yojoa. The evaluation of pollutants 
was made by sampling water in the early morning with less human effects as the 
human activity could alter the quality. Samples were taken from the water sources 
and analyzed for Organic material (OM), pH, Electric Conductivity (EC), 
Phosphorus (P), Potassium (K), Chlorine (Cl-), Nitrate Nitrogen (NO3-N), and 
Sulfate (SO4
2-
). 
There was no statistical difference in the amounts of monthly rainfall amongst 
watersheds. The water flow showed differences between water sources. The Cianuro 
River indicated high specific load of NO3-N that creates environment for the super 
population of water plants, the Yure River contributed with the highest specific load 
of chlorine. The Cianuro and the Yure Rivers contributed with the highest specific 
load in sulfate. The super population of plants in the lake causes a decrease in 
dissolved oxygen at night causing problems to the lake’s water life. The Lake Yojoa, 
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the only freshwater lake in Honduras, has the necessity to be protected. NO3-N is 
affected heavily by the land use, as the agriculture in the region increases the 
nitrogen towards the lake as well. As a recommendation, a filtering system should be 
prepared specifically to cover the amounts of NO3-N carried by the rivers that can be 
easily applied to all the water sources of the Lake Yojoa. 
 
Chapter 4 Utilization of inoculated eco-block for glucose consumption 
The use of effective microorganisms is an economical method to create a 
filtering system. Eco-block is a popular and widely used porous medium to 
immobilize effective microorganisms for water pollutant removal. Bacillus subtillis 
var. natto (Bacillus natto) is a bacteria easily obtained in Japan. Hence, the main 
objective of this chapter was to quantify the amount of glucose absorbed by 
inoculated eco-block as an indicator of its capacity for pollutant removal. Secondary 
objective is to determine the ability of eco-block to allocate Bacillus natto within its 
structure. The easiest method for producing eco-block is the use of clay material and 
charcoal powder that are heated to temperatures where the charcoal is consumed and 
the clay was hardened. Bacillus natto has proven to remove agents from water that 
cause odor and other organic materials. Through analyzing the strength and the 
bacteria allocation of eco-block without and with charcoal powder at 250-500 µm 
and 500-1000 µm in size, it was determined that the most acceptable consistency was 
the 500-1000 µm charcoal powder size that gives the best combination of material 
strength and bacteria allocation when comparing between charcoal powder sizes and 
the amounts of Bacillus natto. However, there was low glucose consumption by 
Bacillus natto inoculated in eco-block. Eco-block is capable of immobilizing 
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Bacillus natto. Nevertheless, the use of other bacteria may have better results in the 
consumption of glucose. Also, the use of a different immobilization medium may be 
recommended. 
 
Chapter 5 Utilization of inoculated eri cocoon for glucose consumption 
Natural materials may serve as a medium to immobilize effective 
microorganisms. Eri silk worm is a Saturniid that may have the potential to 
immobilize microorganisms. Lactobacillus is a bacteria easily obtained in Honduras. 
Hence, the main objective of this chapter is to quantify the amount of glucose 
absorbed by Lactobacillus inoculated eri cocoon as an indicator of its capacity for 
pollutant removal. Secondary objectives were; to describe the structures that eri 
cocoon presents in order to be a niche for microorganisms; to observe the effects of 
different treatments on the physical structures of eri cocoon fiber; and to determine 
the ability of eri cocoon to allocate Lactobacillus spp. within its structure. The 
experiment was done in two stages; the first stage was for the description and 
inoculation, and the second stage for the glucose consumption.  
Eri cocoon has the natural structures to accommodate microorganisms within 
its fibers. Application of treatments such as soaking the eri cocoon in distilled water, 
or using an autoclave can improve these structures. Creation of yarn appeared to 
reduce the ability of eri cocoon fiber to accommodate bacteria. Regarding 
inoculation rate, there was no statistical difference between untreated cocoon and 
autoclaved cocoon which infers that the cheapest and best option for inoculation is 
the untreated. When comparing glucose consumption, the treatments autoclaved, 
untreated and water soaked cocoons presented the highest consumption without 
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significant difference. Nevertheless, using the inoculation rates as a reference point, 
the most effective treatments are autoclaved and untreated cocoon. Even though 
autoclaved cocoon presented all the advantages in structure, the use of untreated 
cocoon is recommended to make a nitrogen absorption trial. 
 
Chapter 6 Comparison of inoculated eri cocoon and eco-block for pollutant 
removal 
The main objective of this chapter was to compare the performance between 
porous mediums of eri cocoon and eco-block in glucose and NO3-N consumptions. 
And the secondary objective was to compare the capacity of eri cocoon and eco-
block based on the amount of bacteria that can be allocated through the inoculation 
rates from both Lactobacillus and Bacillus natto. The methodology of this chapter 
was divided into two stages; the first was the comparison in ability to allocate 
microorganism between eri cocoon and eco-block, and second was the comparison of 
consumption of glucose and NO3-N between inoculated eri cocoon and eco-block.  
Eri cocoon inoculated with Lactobacillus had the highest inoculation rate, and 
had the highest consumption in both glucose and NO3-N. In all the consumptions 
from all treatments at the first 3 hours, there was a high consumption until it 
normalizes and stabilizes the consumption into slow consumption or no consumption. 
According to this results, the best option to apply in rivers as a water pollutant 
removal tool is the untreated eri cocoon inoculated with Lactobacillus utilized as a 
bio-string contactor. Also, the combination of untreated and twisted yarn may give a 
better result when used together to make a net for water pollutant removal.  
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Chapter 7 Strategic planning for application of studied technology 
To effectively apply a water pollutant removal tool in the rivers, the strategy 
must be carefully planned and considered. The objective of this chapter is to give a 
clear strategy of applying the developed water pollutant removal tool to the water 
sources of the Lake Yojoa. Based on the results from the laboratory experiments 
summarized in Chapter 6 and related literatures, it was proposed that the effective 
water pollutant removal tool is a bio-string contactor made of untreated eri cocoon 
connected by treated twisted yarn, which can be applied into a small spillway 
structure for easy collection and water quality control.  
Observing the three main water sources surrounding areas and locations, the 
most strategic locations were identified with the help of a local association organized 
and focused towards the protection and promotion of the lake. At the geographical 
points; 14.7867° N, 87.9796° W; 14.8836° N, 87.9375° W; and 14.8922° N, 
88.0330°W are the best locations in space and access to construct the spillway 
structures for the application of the tool within the Varsovia, Yure and Cianuro 
Rivers, respectively. The recommended locations have to be approved by the three 
different municipalities and the entire legal framework must be presented to the 
Ministry of Natural Resources in order to have the permits for the application. 
 
Chapter 8 Conclusions 
The Lake Yojoa is the only freshwater lake in Honduras and needs to be 
protected. According to the information acquired, its water sources carry amounts of 
pollutants that should be addressed. Discharged NO3-N into the Lake Yojoa from 
water sources increase water plants in the lake that slowly is reducing the area of 
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water surface, putting in danger the lake itself. However, some techniques are 
unavailable to be applied in the study area, because of the difficulty to produce high 
technical materials and the low technical knowledge to manage them. 
Eco-block created from clay and charcoal powder showed that the most 
acceptable structure was the 500-1000 µm charcoal powder size that gives the best 
combination of material strength and bacteria allocation when comparing between 
charcoal powder sizes and the amount of inoculated Bacillus natto. Eri cocoon 
possesses the natural structures within its fibers to allocate microorganisms called 
nanotubes. Other saturniids in the wild may present these structures and easily 
immobilize effective microorganisms as well. The effective microorganisms that are 
easy to maintain and to obtain in the study site is Lactobacillus spp. Also, Bacillus 
subtillis natto (Bacillus natto) is a bacteria easily obtained in Japan. So, these 
microorganisms were inoculated to eco-block as well as eri cocoon to evaluate the 
best option for water pollutant removal tool. 
Based on the series of laboratory experiments, the most effective and applicable 
inoculated medium in consuming NO3-N was eri cocoon inoculated with 
Lactobacillus. Accordingly, it was suggested that effective water pollutant removal 
tool is a bio-string contactor made of untreated cocoon connected by treated twisted 
yarn. The bio-string contactor made of eri cocoon in which Lactobacillus was 
inoculated reduced up to 95% of NO3-N from 10 mg/l solution at 25
o
C. Also, the 
most strategic locations for applying water pollutant removal tool, a bio-string 
contactor, were identified in each river; the Varsovia, Yure and Cianuro Rivers for 
rehabilitating water quality that discharging into the Lake Yojoa. 
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和文要約 
ホンジュラス国ヨホア湖への流入河川における水質汚濁
と修復対策に関する研究 
 
第 1章 研究背景と目的 
 ホンジュラスは中米に位置する共和国である。ヨホア湖 （Lake Yojoa） 
はホンジュラスで唯一の淡水湖で、保護地域に指定されている。ヨホア湖に
注ぐ主要な流入河川はシアヌーロ川、ユレ川、バルソビア川の 3 河川で、主
要な汚濁物質としては化学肥料・農薬、病原性微生物、重金属が挙げられる。
これまでも活性炭、逆浸透膜、エコブロック、有用微生物群、フィルター・
フィーダー、水生植物等を活用した水質管理に関する技術が開発されている
が、そのほとんどは水源である流入河川を対象としたものではなく、湖沼水
に注目したものであった。 
 水質浄化を目的とした有用微生物群の適用に当たっては、担持用担体が必
要となる。大部分の担持用担体は人工物であるが、天然担体によっても上手
く有用微生物群の担持が進む事例も見られる。エコブロックは最も一般的な
人工物の担持用担体であるが、エコブロックの製造には加熱炉や粘土材料を
必要とする。一方、天然担体として、オリサバ蚕（Rothschildia Silkmoth）
の絹繭は多孔質構造であり、また別のヤママユガ（Saturniid）には漏斗孔
があるため有用微生物群の担持に寄与することが期待されている。また最近
では、ヤママユガ科の一種であるエリ蚕（Samia cynthia ricini）の繭を担
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持用担体として活用する試みに関心が注がれている。これらの既往の研究に
基づき、本研究ではヨホア湖における水質汚濁の現状を把握した上で、自然
物を活用しながら安価で機能的な水質浄化対策を構築するとともに、富栄養
化を緩和できる修復対策の現地への適用方法について論議を進めた。 
第 2章 ヨホア湖流域における地理的特性 
 ヨホア湖に流入する主な河川の水質に及ぼす汚濁物質の影響と汚濁源を把
握するために、ヨホア湖流域における傾斜、被覆、土地利用、流域界等につ
いて調査を行った。これらの地理情報は流域から流出する汚濁物質の影響と
汚濁源の把握のためには不可欠である。そこで本章では、ヨホア湖に流入す
る主な河川流域における地理的特性について調べた。シアヌーロ川流域はヨ
ホア湖の西に位置し、面積の 85 %  は山腹地に位置している（＞15 %の傾
斜）。流域面積の 45 %は樹木と低木で覆われている。この流域では土地の
44 %が過剰に利用されており、その大部分は山腹地の植被がほとんどない農
業地帯である。バルソビア川流域はヨホア湖の南東に位置し、全面積の 85 %
は山腹地にある（＞15 %の傾斜）。またこの流域の約 70 %は樹木と低木で覆
われている。この流域の土地の 23 %は過剰利用されている土地と分類されて
いる。ユレ川流域はヨホア湖の東に位置し、面積の 91 %は山腹地にある（＞
15 %の傾斜）。流域面積の 71 %が樹木と低木で覆われている。ユレ川流域の
約 24 %は過剰利用された土地として分類されている。水源域における植被が
良好であっても、農業地帯における過剰利用のために湖に向かって肥料成分
が流出している状況にある。 
第 3章 ホンジュラス国ヨホア湖への支流からの汚濁物質の流入 
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 第 1 章および第 2 章から、富栄養化を抑制できる水処理システムを適用す
る前に、ヨホア湖に流入している支流からの汚濁物質量を把握する必要があ
ると判断した。そこで、本章の目的はヨホア湖に流入する各河川の汚濁物質
量（負荷量）を評価することとした。水質変化に大きな影響のある日中の人
間活動の影響を避けるために、早朝に各々の河川水を採取して汚濁物質の測
定を行った。測定項目は、有機物 （OM）、pH、電気伝導度 （EC）、リン
（P）、カリウム （K）、塩素 （Cl-）、硝酸態窒素（NO3-N）および硫酸塩
（SO4
2-）である。 
 各々の河川流域間には、月間降雨量に統計的有意差は認められなかった。
河川流量は河川毎に違いがあった。シアヌーロ川では水生植物が大量に発生
する程、高い硝酸態窒素が示され、ユレ川では塩素が最も高い負荷量を示し
た。シアヌーロ川とユレ川では硫酸塩が最も高かった。ヨホア湖における水
生植物の大量発生は夜間における溶存酸素の減少を引き起こし、湖の生態系
を脅かす問題となっている。ホンジュラスで唯一の淡水湖であるヨホア湖を
保全する必要性は高い。特に硝酸態窒素は土地利用による影響が大きく、地
域における農業活動の増大に伴ってヨホア湖に流入する窒素量が増加するこ
とに繋がっている。そこで河川から運ばれる硝酸態窒素量を抑制するために、
ヨホア湖に流入する河川において簡単に適用できる水処理システムを設ける
ことが好ましいと判断できた。 
第 4章 有用菌を固定化したエコブロックの活用とグルコースの消費 
 安価な水処理システムには有用微生物の活用が好ましい。エコブロックは
広く普及している多孔性担体であり、汚濁物質の除去に寄与する有用微生物
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群を担持できる機能を有している。納豆菌 （Bacillus subtillis var. 
natto; Bacillus natto） は日本で簡単に入手できるバチルス属の菌である。
そこで、本章の主な目的は、汚濁物質の除去能力を評価するために菌を担持
したエコブロックによるグルコースの吸収量を測定することとした。併せて、
そのエコブロック構造内における納豆菌の担持能についても評価を行った。
エコブロックの最も簡単な作製方法は、粘土と炭粉末を混ぜて炭が燃焼され
粘土が硬化するまで加熱する方法である。納豆菌は水から臭気を発する原因
物質やその他の有機物を除去できることが既に証明されている。炭粉末の添
加なし、直径 250～500 µm、および 500～1000 µm の炭粉末を添加したエコブ
ロックにおける強度と担持能を調べた結果、最も適切なものは炭粉末径 500
～1000 µm のエコブロックであることが明らかとなった。エコブロックによ
る納豆菌の担持能は評価できる結果となったものの、納豆菌を担持したエコ
ブロックはグルコースを微かに消費するに過ぎなかった。そのため、他の有
用微生物の担持によるグルコース消費、更にエコブロック以外の担持用担体
について関心が注がれた。 
第 5章 有用菌を固定化したエリ蚕繭の活用とグルコースの消費 
 有用微生物を担持するため、自然物から天然担体を探し出して利用するこ
とも可能である。エリ蚕繭は微生物を担持できる可能性を有するヤママユガ
の一種である。乳酸菌はホンジュラスでも簡単に入手できる有用微生物であ
る。そこで、本章の主目的は汚濁物質を除去できる能力の指標として、乳酸
菌を担持したエリ繭によるグルコースの吸着量を測定することとした。第二
の目的は微生物の担持に係るエリ蚕繭の構造を把握するとともに、異なる処
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理がエリ蚕繭の繊維構造に及ぼす影響を観察すること、およびそのエリ蚕繭
の構造内で乳酸菌の担持能について評価することである。実験は以下の二段
階に分けて行った。第一段階はエリ蚕繭の構造の把握と担持能の評価で、第
二段階はグルコースの吸着量の測定である。 
 エリ蚕繭はその繊維内に微生物を担持できる構造を有している。エリ蚕繭
の浸水処理やオートクレーブによる加熱処理によって、エリ蚕繭の構造は変
化した。またエリ蚕繭の撚糸においては乳酸菌の定着率が低下する傾向を示
した。しかし乳酸菌の担持能については、未処理の繭とオートクレーブ処理
した繭の間には有意差は見られず、最も安価な選択として未処理のエリ蚕繭
を天然担体として活用することの有用性が示唆された。さらにグルコースの
消費量を比較した結果、オートクレーブ処理、未処理、浸水処理の全てにお
いて高い消費量を示したものの、有意差は認められなかった。乳酸菌の担持
およびグルコースの消費を併せて考察した結果、より有効な担体はオートク
レーブ処理したエリ蚕繭または未処理のままの繭であると結論づけた。エリ
蚕繭の構造からはオートクレーブ処理したものがより有効であると判断でき
たが、オートクレーブ処理したものとグルコース消費量で有意差のなかった
未処理の繭について窒素成分の吸着能について調べていくこととした。 
第 6章 汚濁物質の除去能からみたエリ蚕繭とエコブロックとの比較 
 本章の主目的はエリ蚕繭とエコブロックの担体におけるグルコースおよび
硝酸態窒素の消費量を比較することである。また第二の目的としてはエリ蚕
繭とエコブロックの各々における乳酸菌と納豆菌の担持能を比較することで
ある。実験はエリ蚕繭とエコブロックの各々の担体における乳酸菌と納豆菌
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の担持能の比較、そしてエリ蚕繭とエコブロックの担体におけるグルコース
および硝酸態窒素の消費量の比較の順に実施された。 
 一連の実験の結果、乳酸菌を担持したエリ繭において最も高い担持能を示
し、グルコースのみならず硝酸態窒素においても最も高い吸収量を示した。
全ての実験において最初の 3 時間で吸収が急速に進み、その後定常化して吸
収が止まる傾向を示した。これらの結果より、現地河川において汚濁物質を
除去するツールとして、乳酸菌を担持させた未処理のエリ蚕繭を撚糸で連結
することが提案された。 
第 7章 汚濁物質の除去技術を適用するための戦略計画 
 汚濁物質の除去方法を対象河川にどのように施していくかについては、慎
重に計画を立案していかなければならない。そこで本章では第 6 章の結果と
既往の研究成果に基づいて、ヨホア湖への流入河川に適用できる汚濁物質の
除去方法について論議を進め、適用可能な汚濁物質の除去方法を提示するこ
とを試みた。流入河川において汚濁物質を除去するツールとして、乳酸菌を
担持させた未処理のエリ蚕繭を撚糸で連結したひも状接触材が提案された。
この未処理のエリ蚕繭を処理済みの撚糸で連結したひも状接触材を小流量の
水路構造物に設置することで、硝酸態窒素などの汚濁物質を除去でき水質管
理に寄与できると考えられた。 
 ヨホア湖における環境保全に係る現地法人の協力を得て流入河川における
地域の特徴を観察した結果、流入河川の各々における最適なひも状接触材の
設置位置は、バルソビア川では北緯 14.7867°西経 87.9796°、ユレ川では
北緯 14.8836°西経 87.9375°、シアヌーロ川では北緯 14.8922°西経
xv 
 
88.0330°であることが明らかとなった。これらの位置においてひも状接触
材を設置するためには、今後、ホンジュラス国自然資源省に全体的計画を提
示して承認を受けるとともに、各々の河川流域を統括する行政機関より承認
を受ける必要がある。 
第 8章 結論 
 ヨホア湖はホンジュラス唯一の淡水湖であり、その環境保全の重要性が高
まっている。水源である流入河川から汚濁物質がヨホア湖に運び込まれてい
る状況にある。特に硝酸態窒素の流入により水生植物が増大して水面領域が
徐々に減少し、湖自体が危険にさらされている状況にある。しかし、高度な
技術製品を生み出すことが困難であるとともにそれを維持する技術力が低い
ため、研究対象であるヨホア湖流域に適用できない技術もある。 
 粘土と炭粉末から作られたエコブロックにおける強度と微生物の担持に適
した細孔径分布を調べた結果、最も適切なものは細孔径 500～1000 µm のエ
コブロックであることが明らかとなった。またエリ蚕繭にはヤママユガ科の
他の種と同様にナノチューブと呼ばれる構造を有し、有用微生物の担持に寄
与することが期待された。併せて、研究対象のホンジュラスで入手しやすい
有用微生物は乳酸菌であり、日本で容易に入手できる納豆菌と併せて担体に
担持する有用微生物として扱った。 
 一連の実験の結果、汚濁物質を最も消費できて現地で適用可能な組み合わ
せは、乳酸菌と未処理のエリ蚕繭であった。そこため、ヨホア湖への流入河
川において汚濁物質を除去するツールとして、乳酸菌を担持させた未処理の
エリ蚕繭を撚糸で連結したひも状接触材が提案された。このひも状接触材に
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よって、25℃の温度条件化で 10 mg/l 硝酸態窒素溶液から 95%の硝酸態窒素
を除去することができた。併せて、ヨホア湖に流れ込んでいる河川水質の修
復を目指して、乳酸菌を定着させた未処理のエリ蚕繭を撚糸で連結したひも
状接触材の設置位置について決定できた。 
 
以上 
  
xvii 
 
Acknowledgements 
 
I wish to thank God for all the strength and perseverance he gave me to achieve this 
goal. I thank my family for all their support and for having faith in me that I was able 
to finish my Ph.D. and do well in Japan.  
To all my friends from the Laboratory of Land and Water Use Engineering that had 
supported me and made my stay in Japan so much fun and interesting. To my 
professors that always gave me the right directions to make a better work and finish 
my thesis. Special thanks and respects to Professor Machito MIHARA for always 
trusting me to do my best in these years in order to achieve my Ph.D. 
To MEXT for giving me the economic support to fulfill my dream of becoming a 
Ph.D. and especially for the opportunity to become an asset for my country. 
  
xviii 
 
Contents 
 
Summary ............................................................................................................................... i 
Acknowledgements .......................................................................................................... xvii 
Contents .......................................................................................................................... xviii 
List of Tables ................................................................................................................... xxii 
List of Figures ................................................................................................................. xxiii 
Chapter 1  BACKGROUND AND OBJECTIVES .................................................................. 1 
1.1 Background .......................................................................................................... 2 
1.2 General Objectives ............................................................................................. 10 
1.3 Dissertation Structure ......................................................................................... 10 
References of this chapter .................................................................................................. 14 
Chapter 2  GEOGRAPHICAL CHARACTERISTICS OF THE WATERSHEDS OF LAKE 
YOJOA................................................................................................................................... 17 
2.1 Introduction ........................................................................................................ 18 
2.2 Objective of this chapter .................................................................................... 18 
2.3 Methodology ...................................................................................................... 18 
2.4 Results ................................................................................................................ 19 
2.4.1 Cianuro or Raices watershed (Cianuro Creek) ........................................... 19 
2.4.2. Varsovia River Watershed ......................................................................... 24 
2.4.3. Yure Watershed .......................................................................................... 29 
2.5 Conclusions ........................................................................................................ 34 
References of this chapter .................................................................................................. 36 
xix 
 
Chapter 3  INPUT OF POLLUTANTS BY THE TRIBUTARIES OF LAKE YOJOA, 
HONDURAS  ........................................................................................................................ 37 
3.1 Introduction ........................................................................................................ 38 
3.2 Methodology ...................................................................................................... 40 
3.3 Results and Discussion ....................................................................................... 42 
3.4 Conclusions and Recommendations................................................................... 46 
References of this chapter .................................................................................................. 48 
Chapter 4  UTILIZATION OF INOCULATED ECO-BLOCK FOR GLUCOSE 
CONSUMPTION ................................................................................................................... 50 
4.1 Introduction ........................................................................................................ 51 
4.2 Methodology ...................................................................................................... 52 
4.2.1 Eco-block production and strength: ........................................................... 52 
4.2.2 Inoculation: ................................................................................................ 55 
4.2.3 Glucose consumption: ................................................................................ 58 
4.3 Results and Discussion ....................................................................................... 59 
4.3.1. Eco-block production and strength: ........................................................... 59 
4.3.2. Inoculation: ................................................................................................ 61 
4.3.3. Glucose consumption: ................................................................................ 61 
4.4 Conclusions and Recommendations................................................................... 62 
References of this chapter .................................................................................................. 64 
Chapter 5  UTILIZATION OF INOCULATED ERI COCOON FOR GLUCOSE 
CONSUMPTION ................................................................................................................... 65 
5.1 Introduction ........................................................................................................ 66 
xx 
 
5.2 Methodology ...................................................................................................... 68 
5.2.1 Physical description: .................................................................................. 68 
5.2.2 Inoculation: ................................................................................................ 68 
5.2.3 Glucose consumption: ................................................................................ 69 
5.3 Results and Discussion ....................................................................................... 69 
5.3.1 Physical description: .................................................................................. 69 
5.3.2 Inoculation: ................................................................................................ 73 
5.3.3 Glucose consumption: ................................................................................ 74 
5.4 Conclusions and Recommendations................................................................... 76 
References of this chapter .................................................................................................. 77 
Chapter 6  COMPARISON OF INOCULATED ERI COCOON AND ECO-BLOCK FOR 
POLLUTANT REMOVAL ................................................................................................... 79 
6.1 Introduction ........................................................................................................ 80 
6.2 Methodology ...................................................................................................... 81 
6.3 Results and Discussion ....................................................................................... 84 
6.4 Conclusions and Recommendations................................................................... 87 
References of this chapter .................................................................................................. 89 
Chapter 7  STRATEGIC PLANNING FOR APPLICATION OF STUDIED 
TECHNOLOGY .................................................................................................................... 91 
7.1 Introduction ........................................................................................................ 92 
7.2 Methodology ...................................................................................................... 92 
7.3 Results and Discussion ....................................................................................... 94 
7.4 Conclusions and Recommendations................................................................... 99 
xxi 
 
References of this chapter ................................................................................................ 100 
Chapter 8  CONCLUSIONS ................................................................................................ 101 
ANNEXES ........................................................................................................................... 104 
 
 
  
xxii 
 
List of Tables 
Table 1. 1 General information of Lake Yojoa ............................................................ 5 
Table 2. 1 Cianuro Creek watershed altitude percentage .......................................... 20 
Table 2. 2 Cianuro Creek Watershed Slope percentages  ...........................................21 
Table 2. 3 El Cianuro Creek Watershed Land Cover Percentage  ..............................23 
Table 2. 4 Cianuro Creek Watershed Land Use  ........................................................24 
Table 2. 5 Varsovia watershed altitude percentage  ...................................................26 
Table 2. 6 Varsovia Watershed Slope percentages  ....................................................27 
Table 2. 7 Varsovia Watershed Land Cover Percentage  ...........................................27 
Table 2. 8 Varsovia Watershed Land Use  .................................................................29 
Table 2. 9 Yure watershed altitude percentage  ..........................................................31 
Table 2. 10 Yure Watershed Slope percentages  ........................................................32 
Table 2. 11 Yure Watershed Soil Coverage Percentage  ............................................33 
Table 2. 12 Yure Watershed Land Use  ......................................................................34 
Table 3. 1 General information of Lake Yojoa  ..........................................................38 
Table 3. 2 Watersheds Land cover distribution  .........................................................41 
Table 3. 3 Average Water flow Towards the Lake (July, 2011)  ...............................43 
Table 3. 4 Mean Separation of specific load of each river (July, 2011)  ....................45 
Table 3. 5 Land use and specific loads of pollutant by Pearson correlation  .............45 
Table 4. 1 Sample combination  .................................................................................54 
Table 5. 1 Inoculation Rate of eri cocoon  ..................................................................73 
Table 7. 1 Consumption of NO3-N by contactor in different runs  ............................96 
  
xxiii 
 
List of Figures 
Fig. 1- 1 Map of Honduras  ..........................................................................................2 
Fig. 1- 2 Honduras topographic map  ...........................................................................3 
Fig. 1- 3 Lake Yojoa location  ......................................................................................4 
Fig. 1- 4 Mountain lower hillside Meambar park  ........................................................5 
Fig. 1- 5 Water plants invading Lake Yojoa  ................................................................7 
Fig. 1- 6 Thesis structure  ...........................................................................................11 
Fig. 2- 1 Cianuro Creek Watershed Delimitation  ......................................................19 
Fig. 2- 2 Cianuro Creek watershed elevations  ...........................................................21 
Fig. 2- 3 Cianuro Creek Watershed Slopes  ...............................................................22 
Fig. 2- 4 Cianuro Creek Watershed Soil Coverage  ...................................................22 
Fig. 2- 5 Cianuro Creek Watershed Land Usage  .......................................................23 
Fig. 2- 6 Varsovia Watershed Delimitation  ...............................................................25 
Fig. 2- 7 Varsovia Watershed Altitudes  ....................................................................25 
Fig. 2- 8 Varsovia Watershed Slope Map  ..................................................................26 
Fig. 2- 9 Varsovia Watershed Land Coverage map  ...................................................28 
Fig. 2- 10 Varsovia Watershed Land Usage Map  ......................................................29 
Fig. 2- 11 Yure Watershed Delimitations  ..................................................................30 
Fig. 2- 12 Yure Watershed Altitudes Map  .................................................................31 
Fig. 2- 13 Yure Watershed Slope Map  ......................................................................32 
Fig. 2- 14 Yure Watershed Land Cover Map  ............................................................33 
Fig. 2- 15 Yure Watershed Land Usage Map  ............................................................34 
Fig. 3- 1 Average monthly rainfall by watershed 1988-2010  ....................................43 
Fig. 4- 1 Kibushi clay  ................................................................................................53 
xxiv 
 
Fig. 4- 2 Vegetable Charcoal powder, sieged to different sizes  ................................53 
Fig. 4- 3 Block shape and size  ...................................................................................54 
Fig. 4- 4 Commercial Powdered Bacillus natto  .........................................................55 
Fig. 4- 5 Nutrition broth medium  ..............................................................................56 
Fig. 4- 6 Block inoculation  ........................................................................................57 
Fig. 4- 7 Nutrient agar medium for dilution  ..............................................................58 
Fig. 4- 8 Force to break point of eco-block treatments  ..............................................59 
Fig. 4- 9 Microscopic pictures of eco-block treatments  ............................................60 
Fig. 4- 10 Inoculation rate of eco-block treatments  ...................................................61 
Fig. 4- 11 500 µm eco-block accumulative glucose consumption  ............................62 
Fig. 5- 1 Untreated Eri Cocoon Fiber Micro-morphologic Image  .............................70 
Fig. 5- 2 Water Soaked Eri Cocoon Fiber Micro-morphologic Image  ......................71 
Fig. 5- 3 Autoclaved Eri Cocoon Fiber Micro-morphologic Image  ..........................71 
Fig. 5- 4 Twisted Yarn Micro-morphologic Image  ...................................................72 
Fig. 5- 5 Negative Filter Eri Cocoon Micro-morphologic Image  ..............................72 
Fig. 5- 6 Average Colony Forming Units per milligram of eri Cocoon  ....................74 
Fig. 5- 7 Net Glucose consumption by Lactobacillus spp. inoculated eri cocoon  ....75 
Fig. 6- 1 Immobilization mediums  ............................................................................81 
Fig. 6- 2 Inoculation procedure ..................................................................................82 
Fig. 6- 3 Experiment water recirculation system  .......................................................83 
Fig. 6- 4 Comparison of eri cocoon and eco-Block by Inoculation rate  ....................85 
Fig. 6- 5 Consumption comparison of inoculated eri cocoon and eco-Block  ...........86 
Fig. 7- 1 Eri cocoon bio- string contactor  ..................................................................94 
Fig. 7- 2 Bio-string contactor field application spillway design (m)  .........................95 
xxv 
 
Fig. 7- 3 Contactor scale model  .................................................................................96 
Fig. 7- 4 Varsovia proposed location for spillway construction  ................................97 
Fig. 7- 5 Yure proposed location for spillway construction  ......................................98 
Fig. 7- 6 Cianuro proposed location for spillway construction  .................................98 
 
1 
 
 
 
 
 
 
 
 
 
Chapter 1  
BACKGROUND AND OBJECTIVES 
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1.1 Background 
Honduras is a republic in Central America, the country is bordered to the 
north by the Caribbean Sea, to the west by Guatemala South west by El Salvador and 
South by Nicaragua (Fig. 1-1). Honduras extension is of 112,492 km
2 
and has a 
population of more than 8 million inhabitants. Honduras is most notable for 
production of minerals, coffee, tropical fruit, sugar cane and recently for exporting 
clothing to the international market.  
 
Fig. 1- 1 Map of Honduras 
The climate of Honduras varies from tropical in the lowlands to temperate 
in the mountains. The central and southern regions are relatively hotter and less 
humid than the northern coast. Honduran territory is around 70% mountainous. The 
settlements are concentrated in the Sula Valley, Comayagua Valley and Tegucigalpa 
City. In Fig. 1-2 we can observe the topography of the country. 
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Fig. 1- 2 Honduras topographic map 
Honduras is considered a tropical diversity spot, with many different species 
of animals and plants found only in this region. Different areas of Honduras have 
been declared protected areas by the government. One of these areas is Lake Yojoa 
that has multiple uses from tourist attraction, to electricity production.  
Lake Yojoa is the only freshwater lake in Honduras and was decreed 
protected area Number 5 in the category of multiple uses according to the 71
st
 decree 
of 8
th
 of December 1971. It´s located 75 km to the south of San Pedro Sula in the 
area where the departments of Comayagua, Santa Barbara and Cortes converge (Fig 
1-3). It’s a monomictic lake (the water mixes once a year). Near the lake a Lenca 
(Honduras indigenous) pre-culombian temple is located; this area is an archeological 
site that serves as a tourist attraction in the area. 
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Fig. 1- 3 Lake Yojoa location 
The lake is surrounded by the National parks Meámbar and Cerro Azul, and 
the mountain Santa Barbara from where 100% of the water is provided for the lake. 
Its principal water sources are: Yure and Varsovia rivers, this two are artificial rivers 
diverted to the lake; and the creeks Horconcitos, La Jutosa, Balas, La Pita and 
Cianuro. Cianuro creek has the highest water flow from the creeks. Table 1.1 shows 
the general information of lake Yojoa. 
In the lake there are two zones of life: Subtropical Humid Forest, and Low 
mountain humid forest. The subtropical humid forest is characterized by an annual 
rainfall of 2,000 to 4,000 mm and a temperature that oscillates between 18 ºC and 
24 ºC. This zone covers around the lake and extends up to 1,500 meters above sea 
level (Fig. 1-4) (House, 2002). 
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Fig. 1- 4 Mountain lower hillside Meambar park 
The zone of Low mountain humid forest extends from the top of the sub-
tropical humid forest until the mountain top of Santa Barbara Mountain at 2,744 m 
and Cerro Azul Meámbar at 2,047 m above sea level. Monthly mean temperature 
oscillate between 12 
o
C and 18 
o
C.  
Table 1. 1 General information of Lake Yojoa  
Altitude  
(m a. s. l.) 
Length  
(km) 
Width  
(km) 
Perimeter 
(km) 
Surface 
(km
2
) 
Average 
depth (m) 
Average temp. 
(
o
C) 
632 16.2 4 88 54 28 24 
Source: AMUPROLAGO, 2010 
 
Currently, water pollution in Lake Yojoa became a big concern on 
Honduras and attention has been paid to the amounts of pollutants discharging into 
the Lake Yojoa. Hence, to evaluate and quantify the amounts of pollutants that each 
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water source deposits in the Lake Yojoa is the first step for a mitigation or 
rehabilitation of them. 
There are three principal contaminants of the lake Yojoa: Agrochemical 
contaminants, mostly N:P:K; Microbiological pathogens, mostly from coli forms; 
and finally Heavy metals. There is a good deal of information on heavy metals, little 
on the microbiological pathogens and nearly none on agrochemical contaminants in 
the lake or the water sources (Studer et. al., 2007). Most of the investigations are 
mostly focused on the lake itself. As far as the author’s knowledge, only Borjas et. 
al., (1999) researched on water quality from the top part of the Meámbar zone.  
There are many agrochemical pollution sources in the lake. One of those are 
the presence of plant nurseries around the lake, where they use considerable amounts 
of agrochemicals that, yet not quantified, are released directly to the lake. Other 
source is the coffee productions all along the region from where the discharges of 
residual water are made to creeks and these eventually to the lake. In the wetlands 
they fertilize mostly with N:P:K 20:20:20, without control or soil study, with the 
purpose of grass growth for pastures for cattle. The highest concentrations of coffee 
and plant nurseries are present in the municipalities of Taulabé and Santa Cruz de 
Yojoa; both part of Yure and Varsovia Watershed respectively. Presently a high 
amount of water-plants, such as floating water plants or other hydrophytes, have 
been invading the lake (Fig. 1-5).  
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Fig. 1- 5 Water plants invading Lake Yojoa 
The different communities around the lake represent a potential source of 
biological contamination. For example the only settlement that counts with a primary 
treatment system is Las Vegas. But the treatment tank discharges directly to the 
Cianuro Creek which itself discharges at the lake. Data presented by Vaux et. al. 
(1993), show coli form level to be higher than those permitted in public beaches in 
USA (200 cfu/100 ml); but showed that the samples taken were very different from 
site to site. The samples went from 1 cfu up to 240,000 cfu per 100 ml. 
For some time there have been worries about the impact made by the water 
coming from El Mochito mine. This water is taken to the lake by the Raíces or 
Cianuro Creek. This worries started in 1968 when a massive death of fish was 
observed near the creek outflow to the lake. In December 1972, January 1973, and in 
1976 other mass death of fish occurred. Figueroa (1976) observed that in December 
the same year the mine company reported problems with the residual water capturing 
ponds, as a result there was escape of toxic sediments that reached the lake. Although 
there was no heavy metal analysis, they suspect that the massive death occurred that 
year was caused by heavy metal toxicity.  
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Vevey et. al. (1990), took samples of the sediments inside the lake Yojoa 
and found high levels of contamination by heavy metals, the highest point near the 
outflow of Raíces creek (i.e., Pb: 6883 mg/kg, Cu: 1745 mg/kg, Cd: 113 mg/kg, and 
Zn: 1223 mg/kg). However, this high level of contamination water was found not to 
be bioavailable as the concentrations in fish and wildlife is very low. The conclusion 
of Vevey et. al. (1990) was that a poly-metallic contamination in the lakes sediments 
was present and that the high levels can only be explained by an anthropogenic 
contamination. There is still a risk that the metals could become soluble in the lake. 
In the world, different water management techniques have been developed 
(de Vries et. al., 2008; UNDP, 1999; Pebbles, 2003; Lee, 2005). Most of the 
treatments are focused on reservoirs rather than the water sources of these. Another 
approach is the management of water usage of the reservoir and other zones for 
reduction of water degradation (Queen’s printer, 1999; British Land Company, 2008; 
Georgia Water Council, 2008). And as a last resource, the maintenance of storm 
water to improve the water quality of a reservoir (Heiker, 2005). 
The use of different methods for water pollutant removal is considered one 
of the important actions taken to improve the environment.  
In the developing world, poverty and hunger alleviation is still the dominant 
issue among rural communities. Rain fed agro-ecological landscapes currently 
provides food and livelihoods for the predominantly rural population (Barron et. al. 
2008). The International Water Management Institute (2007) compiled a 
comprehensive assessment of water management in agriculture as a critical 
evaluation of the benefits, costs, and impacts of the past 50 years of water 
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management, challenges and the solutions that the people has developed around the 
world. 
Water quality monitoring, as practiced in most developed countries, is based 
on the premise that with enough data, a well-designed program can answer most 
types of water quality management issues. This has been referred to as a data-rich or 
data-driven approach in which the objective is primarily to gather high quality data. 
This has recently been challenged by the United States government which found that, 
despite years of expensive data programs, one cannot tell whether the nation’s waters 
are getting better or worse. The consequence has been the realization that these 
mainly chemistry-focused programs are expensive, focus on data production rather 
than on data use, collect more data than is necessary, often do not reflect the types of 
data that managers need, and can be replaced by cheaper and more effective methods 
(Ongley, 2000).  
Alternatives such as low cost water pollutants removal tools. These tools 
can use effective microorganisms combined with local materials that can be highly 
desirable by the communities. 
A known microorganism immobilization medium for water filtering is the 
Eco-Block. Eco-Block is any inert material where effective microorganisms can be 
immobilized and used for water quality improvement. Park and Tia (2004), 
conducted an experiment where the experimenter used porous concrete and industrial 
by-products for water purification. Although it was not inoculated the experimenter 
calculated the amount of organisms attached to the block by the consumption of 
dissolved oxygen. Matsunaga et. al. (2006), presented data where concrete Eco-
Block inoculated with Bacillus natto performed better than regular block for water 
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quality improvement. The use of immobilized microorganisms in blocks is usually 
used for biofiltration systems (Cohen, 2001).  
Sericulture is defined as the breeding and rising of silk worms for the 
production of silk. There are different species of silk worms used for this purpose. In 
this thesis we will focus on the eri silk worm (Samia cynthia ricini). The eri culture, 
as is called the rearing of eri silk worm, takes place in different areas of Asia and 
India. 
Eri silk worm is found in North East Asia, some parts of China, and Japan. 
Other common name is “Ailanthus Silk Moth”. This silkworm feeds on different 
plants but specifically on Castor (Ricinus communis) and tapioca (Manihot 
utilissima). It has been used as poverty alleviation strategy in dry land areas in India 
(Ramalakshmi, 2009) also as food for rural communities (Sarmah, 2011). The 
structure of the cocoon can be used as a place to immobilize microorganism capable 
of extracting nutrients from a water flow. 
1.2 General Objectives 
The general objectives are to create an cost-effective, functional and easy to 
implement water filtering system to protect the Lake Yojoa by using popular 
technology and biological agents, and to determine the state of the pollution of the 
water sources of Lake Yojoa and the potential field application to mitigate the 
eutrophication. 
1.3 Dissertation Structure 
To achieve the previous general objective, the following research structure 
was formulated, designed and carried out as shown in Fig. 1-6.  
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In Chapter 1, the background information on Honduras and the study site, 
historical water quality information, general information of world water management 
as well as the information related to the general objectives is presented. 
Chapter 2 gives a better understanding of the current situation at the study 
site showing a complete picture of the three main watersheds’, which provides 100% 
of the water to the Lake Yojoa, land use and geographical characteristics. Based on 
this information, preliminary observations were enunciated. 
 
Fig. 1- 6 Thesis structure 
 
Chapter 1  
Background and Objectives 
Chapter 2 
Geographical Characteristics around Lake Yojoa 
Chapter 3  
Input of Pollutants by the Tributaries of Lake Yojoa, Honduras 
Chapter 4 
Utilization of Inoculated Eco-
block for glucose consumption 
Chapter 5 
Utilization of Inoculated Eri 
Cocoon for glucose consumption 
Chapter 6 
Comparison of Inoculated Eri Cocoon and Eco-block for pollutant 
removal 
Chapter 7 
Strategic Planning for Application of Studied Technology 
Chapter 8 
Conclusions 
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To follow the observations during the geographical characterization and the 
background of pollution of Lake Yojoa, Chapter 3 quantifies in a statistically proven 
manner the amounts of pollutants discharged by the watersheds towards it. This 
chapter stated the precipitation, water flow and specific load of each watershed and 
the comparisons between them. With the knowledge of the land cover of each 
watershed, a comprehensive relationship with the specific load through correlation 
was determined and identifies which pollutant was the biggest concern for the study. 
Chapter 4 attempts to use structures manmade to immobilize 
microorganisms and compare their consumptions of glucose as an indicator of water 
pollutant removal; in order to be able to remove the pollutant identified in the 
previous chapter. With the use of an  abundant and effective microorganism in Japan 
with clay based immobilization medium, glucose consumption is presented and 
compared between different structure sizes. Concluding in the best structure size by 
the amount of microorganisms it can immobilize and the higher glucose consumption. 
In contrast with the previous chapter, Chapter 5 shows the use of natural 
structures within the Eri Silk Cocoon to immobilize microorganisms in to different 
treatments and compare their immobilization rates and glucose consumptions. With 
the use of an abundant and effective microorganism in the Lake Yojoa region with 
Eri Cocoon under different treatments, glucose consumption is presented and 
compared between the treatments. Concluding in the best treatment by the amount of 
microorganisms it can immobilize and the higher glucose consumption. 
In Chapter 6 the comparison of the best clay structure and eri silk cocoon 
treatment within immobilization rate, glucose consumption and NO3-N consumption 
is presented. It shows a complete analysis of all the results to determine the best 
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option for a water pollutant removal according to this study. After identifying the 
best option an application strategy should be considered. 
Chapter 7 shows a proposed application strategy for the Lake Yojoa 
Region. From all the information generated from experimentation and the 
observations made on the field, an adequate and cost-effective application strategy 
presenting application areas and required low cost infrastructure is offered. Specific 
locations, chosen by accessibility and convenience to build the infrastructure, are 
discussed.  
Chapter 8 gives the sum of the conclusions of the previous chapters and the 
conclusions of the entire study. A discussion and comments that supports the 
realization of the general objectives, stating of future challenges and difficulties to 
transfer the technology to the field is noted. 
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Chapter 2  
GEOGRAPHICAL CHARACTERISTICS OF THE 
WATERSHEDS OF LAKE YOJOA 
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2.1 Introduction 
The knowledge of the main characteristics of the watersheds of Lake Yojoa 
is important to recognize the causes and sources of pollutants that affect the water 
quality. Detailed information on slope, usage and delimitation of the three main 
watersheds is important to observe the reasons for water quality degradation of the 
lake. 
Bossio et. al. (2008) stated that the potential gain in water productivity 
through land management interventions, particularly to improve soil quality, is 
largely under-appreciated. To the understanding of the people water quality and soil 
quality are two separate fields; nevertheless they are both closely related. By 
understanding the land uses, land extension and the general management it is easier 
to understand the quality of water that flows out of those watersheds.  
2.2 Objective of this chapter 
The objective of this chapter is to give detailed and concrete information of 
the main water sources of Lake Yojoa; and provide a complete understanding of the 
land situation of the watersheds. 
2.3 Methodology 
The information was collected from the archives of AMUPROLAGO (2010) 
and the National Institute of Statistics of Honduras (INE, 2009) public review cd as 
well as observations. All the information was translated to English and reviewed by 
the experimenter. 
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2.4 Results 
2.4.1 Cianuro or Raices watershed (Cianuro Creek) 
The watershed of Cianuro creek is located to the west of Lake Yojoa (Fig 2-
1) and has an extension of 6,212.86 hectares. Las Vegas municipality represents the 
84% of the total extension; the rest is distributed between the municipality of Santa 
Barbara (8.3%) and Concepcion del Sur (7.6%). 
 
Fig. 2- 1 Cianuro Creek Watershed Delimitation 
The main affluent of this watershed is the Cianuro creek which drains 
directly to the lake Yojoa. It’s formed by four different tributaries that collect water 
from the higher areas. The most important of these tributaries is the Piedras 
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Amarillas creek because it supplies the water to the urban area of Las Vegas and 
collects also the wastewater of the city/town. 
This watershed has a mean elevation of 1,173 m. a. s. l., the minimum and 
maximum elevations go from 640 (in the shore of lake Yojoa) to 2,700 m. a. s. l. If 
we divide the watershed by its elevations it will be divided into three surfaces located 
in the ranges of 1,000 – 1,500 m. a. s. l. (39%); 700 – 999 m. a. s. l. (36%) in this 
zone the human settlements are located: Las Vegas and El Mochito; and the rest 
located above 1,500 m. a. s. l. where the birth of the creeks are located, also in this 
zone the nucleus of water capture is located and as a protected zone cannot be used 
for anything else but a water recharge zone of the mountain of Santa Barbara (Fig 2-
2; Table 2.1).  
Table 2. 1 Cianuro Creek watershed altitude percentage 
ALTITUDE (m.a. s. l.) Area (ha) % 
640 - 700 348.26 5.61 
700 - 1000 2252.65 36.26 
1000 - 1500 2434.11 39.18 
> 1500 1177.84 18.96 
Total 6212.86 100.00 
 
Eighty five percent (85.5%) of the surface is formed by hillside terrain (> 
15% slope). The regions with greater slope (> 60%) are located to the south east at 
the Poza Azul mountain and the Santa Barbara Mountain. The plain regions (< 15%) 
are distributed in three different sectors 1) Cianuro creek mouth in the lakes shore, 2) 
The central area of the region where the Las Vegas is located at and, 3) a plain where 
the community of San José de los Andes is located. The slopes are presented in Table 
2.2 and Fig. 2-3.  
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Fig. 2- 2 Cianuro Creek watershed elevations 
Table 2. 2 Cianuro Creek Watershed Slope percentages 
SLOPES Area (has) % 
0-15% 900.73 14.50 
15-30% 1815.3
1 
29.22 
30-45% 1665.4 26.81 
45-60% 918.75 14.79 
>60% 912.67 14.69 
Total 6212.8
6 
100.00 
 
Forty five percent (45%) of the watershed surface is covered by vegetation 
that provides soil protection, in this case is tree and bush land cover. The remaining 
rainforests are distributed in the Santa Barbara, Las Mochas, and Poza Azul 
mountains and part in La Aflicción Hill. The surface, that is considered as traditional 
agriculture (includes pastures), covers the 17.43% of the total soil of the watershed 
(Table 2.3 and Fig. 2-4). 
22 
 
 
Fig. 2- 3 Cianuro Creek Watershed Slopes 
 
Fig. 2- 4 Cianuro Creek Watershed Soil Coverage 
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Table 2. 3 El Cianuro Creek Watershed Land Cover Percentage 
Land cover Area (ha) % 
Human Settlements 252.32 4.06 
Technified Agriculture 0.00 0.00 
Traditional Agriculture 1082.82 17.43 
Tree Vegetation 2792.76 44.95 
Bush Vegetation 1965.11 31.63 
Water bodies 0.00 0.00 
Wetlands 15.50 0.25 
Naked land 104.35 1.68 
Total 6212.86 100.00 
 
In this watershed 44% of the land is overused, the most part of overuse is 
presented by the presence of agriculture and zones without vegetable coverage on 
hillsides. The correct usage of the land represents the 29%; however this appreciation 
is made based on soil protection basis. The following figure shows the land usage: 
 
Fig. 2- 5 Cianuro Creek Watershed Land Usage 
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Table 2. 4 Cianuro Creek Watershed Land Use 
LAND USE Area (ha) % 
Under usage 1474.55 23.73 
Correct use 1782.92 28.70 
Over usage 2687.57 43.26 
Water bodies 0.00 0.00 
Wetlands 15.50 0.25 
Human settlements 252.32 4.06 
Total 6212.86 100.00 
 
2.4.2. Varsovia River Watershed 
The Varsovia river watershed is located to the south east of Lake Yojoa. It 
has an extension of 5,379.17 hectares, from which 78% is in the municipality of 
Taulabé and 22% on the municipality of Siguatepeque (Fig.2-6).  
The main affluent is the Varsovia River. This river does not drain directly to 
the Lake Yojoa but is connected to this by a man made soil channel. This river has 
four tributaries, those are: Sardinas, Buena Vista and El Chorro Creeks and Bonito 
River (bonito has two tributaries, El Pacayal and Vista Creeks). The last two and the 
Varsovia River originate in Cerro Azul Meámbar.  
Varsovia watershed has an average elevation of 1,145 m. a. s. l., minimum 
and the elevation ranges from 660 (where the channel starts that leads to the lake) to 
2,080 m. a. s. l. When zoning the watershed by its elevation the zones are the range 
between 700 – 1,000 m. a. s. l. (36%), 1,000-1,500 m. a. s. l. (44%). In the ranges 
above 1,500 m. a. s. l. (15.5%) is where the main origin of the rivers and creeks are 
located. In this last area, also, the protected area of National Park Cerro Azul 
Meambar is located (Fig. 2-7).  
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Fig. 2- 6 Varsovia Watershed Delimitation 
 
Fig. 2- 7 Varsovia Watershed Altitudes 
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Table 2. 5 Varsovia watershed altitude percentage 
ALTITUDE (m. a. s. l.) Area (ha) % 
660 - 700 244.63 4.33 
700 - 1000 1929.37 35.95 
1000 - 1500 2375.47 44.26 
> 1500 829.7 15.46 
Total 5379.17 100.00 
 
Eighty five percent (85%) of the surface of the Varsovia watershed is 
hillside terrain (>15% slope). The zones with higher slopes (>60%) are located in the 
highest points of the watershed where the rivers are born, and along the Pacayal 
Creek. In the following figure the distribution of slopes are presented: 
 
Fig. 2- 8 Varsovia Watershed Slope Map 
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Table 2. 6 Varsovia Watershed Slope percentages 
SLOPE Area (ha) % 
0-15% 825.69 15.16 
15-30% 1452.25 27.06 
30-45% 1499.36 27.94 
45-60% 738.89 13.77 
>60% 862.98 16.08 
Total 5379.17 100.00 
 
About 70% of the land in this watershed is covered by vegetation that 
provides soil protection and has been classified as tree and bush land cover (Table 
2.7, Fig. 2-9). The main forests are located at the nucleus of National Park Cerro 
Azul Meámbar, and regular rainforest predominates. The land considered as 
traditional agriculture (includes pastures) cover 5% of the land surface. From the 
point of view of land protection to the category of traditional agriculture the bush 
zones can be added (23.86%), in most of the cases this corresponds to traditional 
agriculture land in rest.  
Table 2. 7 Varsovia Watershed Land Cover Percentage 
LAND COVER 
(VARSOVIA WATERSHED) 
Area (ha) % 
Human Settlements 35.48 0.66 
Technified Agriculture 0.00 0.00 
Traditional Agriculture 268.61 4.99 
Tree Vegetation Coverage 3747.45 69.67 
Bush Vegetation Coverage 1280.68 23.80 
Water bodies 0.90 0.02 
Wetlands 12.23 0.23 
Naked Land 33.82 0.63 
Total 5379.17 100.00 
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Fig. 2- 9 Varsovia Watershed Land Coverage map 
Twenty three percent (23%) of the land of this watershed is categorized as 
overused land by the National Institute of Statistics of Honduras; most of it is 
presented because of the presence of agriculture and no coverage land zones in 
hillsides (Fig.2-10, Table 2.8). The correct use of land represents 45% of the land; 
however this appreciation is based under the land protection point of view. High 
bush vegetation covering hillsides are considered correct usage, but if this vegetation 
is the product of deforestation and/or traditional agricultural land in rest they are 
considered as overused land. The following map renders the land use of the Varsovia 
Watershed. 
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Fig. 2- 10 Varsovia Watershed Land Usage Map 
Table 2. 8 Varsovia Watershed Land Use 
LAND USE Area (has) % 
Under usage 1692.15 31.30 
Correct use 2421.4 45.11 
Over usage 1217.01 22.68 
Water bodies 0.90 0.02 
Wetlands 12.23 0.23 
Human settlements 35.48 0.66 
Total 5379.17 100.00 
 
2.4.3. Yure Watershed 
Yure watershed is located to the south east of the lake Yojoa. It has a 
territorial extension of 3,558.41 hectares. This surface is divided between three 
municipalities, Santa Cruz de Yojoa (52%) Taulabé (39%) and Meambar (9%).  
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Fig. 2- 11 Yure Watershed Delimitations 
The principal affluent is the Yure River. Although this river does not drain 
directly to the lake, it is connected through a man-made channel. This River has also 
two tributaries that are: del Cerro Creek and an unnamed creek that drain to Yure 
River at the vicinities of the San Antonio de Yure community. Both Yure River and 
del Cerro Creek originate in the highest point of Cerro Azul Meambar. In the lowest 
part a dam is located recollecting the water from this watershed and conduct the 
water to the lake Yojoa. 
This watershed has a mean elevation of 1,070 m. a. s. l., the minimum and 
maximum elevations are 655 (in the location where the channel begins)and 2,075 m. 
a. s. l., respectively. If we divide the watershed by its elevation it will be divided into 
three surfaces located in the ranges of 1,000 – 1,500 m. a. s. l. (42%), 700 – 1000 m. 
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a. s. l. (40%), and above 1,500 m.a. s. l. where the birth of the creeks are located, also 
in this zone the nucleus of water capture is located and as a protected zone cannot be 
used for anything else but a water recharge zone of the mountain of the national park 
Cerro Azul Meambar (Fig. 2-12; Table 2.9).  
 
Fig. 2- 12 Yure Watershed Altitudes Map 
Table 2. 9 Yure watershed altitude percentage 
ALTITUD (m. a. s. l.) Area (ha) % 
655 – 700 306.23 8.21 
700 – 1000 1429.24 40.34 
1000 – 1500 1496.43 42.24 
> 1500 326.51 9.22 
Total 3558.41 100.00 
 
Ninety one percent (91%) of the surface is hillside terrain (>15% slope). 
The places with high slopes (>60% slope) are located in the drainage area of Del 
Cerro Creek (Fig. 2-13; Table 2.10). 
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Fig. 2- 13 Yure Watershed Slope Map 
Table 2. 10 Yure Watershed Slope percentages 
SLOPE Area (ha) % 
0-15% 341.71 9.21 
15-30% 751.08 21.20 
30-45% 937.3 26.46 
45-60% 531.76 15.01 
>60% 996.56 28.13 
Total 3558.41 100.00 
 
Seventy one percent (71%) of the surface is covered with vegetable land 
cover that provides soil protection and in this case is classified as tree and bush land 
cover. The surface, that is considered Traditional agriculture (includes pastures), 
covers 2% of the total land. Human settlement in this watershed is very low and the 
main income sources of the settlements are tourism and production of corn and cattle 
husbandry (Fig. 2-14; Table 2.11).  
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Fig. 2- 14 Yure Watershed Land Cover Map 
Table 2. 11 Yure Watershed Soil Coverage Percentage 
LAND USE Area (ha) % 
Human Settlements 34.59 0.97 
Technified Agriculture 0.00 0.00 
Traditional Agriculture 66.95 1.88 
Tree Vegetation Coverage 2503.62 70.36 
Bush Vegetation Coverage 882.62 24.80 
Water bodies 45.27 1.28 
Wetlands 15.44 0.43 
Naked Land 9.92 0.28 
Total 3558.41 100.00 
 
About 24% of the Yure Watershed is categorized as overused. Most of this 
area is where presence of agriculture occurs and zones without vegetable coverage. 
The correct use of land represents the 56% of the land; however this appreciation is 
based under the land protection point of view. High bush vegetation covering 
hillsides are considered correct usage, but if this vegetation is the product of 
deforestation and/or traditional agricultural land in rest they are considered as 
overused land (Fig. 2-15; Table 2.12). 
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Fig. 2- 15 Yure Watershed Land Usage Map 
Table 2. 12 Yure Watershed Land Use 
LAND USE Area (ha) % 
Under usage 652.36 18.41 
Correct use 1975.08 55.31 
Over usage 835.67 23.59 
Water bodies 45.27 1.28 
Wetlands 15.44 0.43 
Human settlements 34.59 0.98 
Total 3558.41 100.00 
 
2.5 Conclusions 
The three watersheds have a good woodland coverage that is protected by 
the government of Honduras. The over-usage of the agricultural lands and bush land 
cover by crop growing and cattle present, in all of the watersheds, a place where 
pollutants can be released towards the lake. 
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Even if the land cover in the recharge zones is good, the over use in the 
agricultural zones present a release of nutrients towards the lake that has to be 
quantified. 
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Chapter 3  
INPUT OF POLLUTANTS BY THE 
TRIBUTARIES OF LAKE YOJOA, HONDURAS 
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3.1 Introduction 
Lake Yojoa is the only freshwater lake in Honduras and was decreed 
Protected Area Number 5 in the category of multiple uses according to the 71st 
decree of 8th of December 1971 by the government of Honduras; the main uses are 
for tourism, electricity production, fish production and biodiversity niche (Borjas, 
1999). It is located 75 km to the south of San Pedro Sula in the area where the 
departments of Comayagua, Santa Bárbara and Cortés converge. It is a monomictic 
lakethe water mixes once a year. 
The lake is surrounded by the National parks Meámbar and Cerro Azul and 
the mountain Santa Barbara from where 100% of the water is provided to the lake. 
Its principal water sources are Yure and Varsovia Rivers, these two are artificially 
diverted to the lake, and the Cianuro Creek that has the higher water flow comparing 
to the other Creeks, such as Horconcitos, La Jutosa, Balas, and La Pita Creeks. Table 
3.1 shows the general information of Lake Yojoa. 
Table 3. 1 General information of Lake Yojoa  
Altitude 
(masl) 
Length  
(km) 
Width  
(km) 
Perimeter 
(km) 
Surface  
(km
2
) 
Average 
depth (m) 
Average 
temp. (
o
C) 
632 16.2 4 88 54 28 24 
 
In the world, different water management techniques have been developed 
(de Vries et. al., 2008; UNDP, 1999; Pebbles, 2003; Lee, 2005). Most of the 
treatments are focused on reservoirs rather than the water sources of these. Another 
approach is the management of water usage of the reservoir and other zones for 
reduction of water degradation (Queen’s printer, 1999; British Land Company, 2008; 
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Georgia Water Council, 2008). And as a last resource, the maintenance of storm 
water to improve the water quality of a reservoir (Heiker, 2005). 
There are three principal contaminants of the watersheds of the lake Yojoa 
such as agrochemical contaminants, mostly nitrogen phosphorus and potassium (N. P. 
K.), microbiological pathogens, mostly from coli forms, and finally heavy metals. 
There is nearly none information on agrochemical contaminants in the lake or the 
water sources, little on the microbiological pathogens and certain quantity of 
information on heavy metals. Most of the investigations done are focused on the lake 
(House, 2002; Studer et. al., 2007; Figueroa, 1976), except for Borjas et. al., (1999) 
who researched on water quality taken on the top part of the Meámbar zone and 
discovered no contamination from the highest parts. 
Data presented by Vaux et. al. (1993) showed coli form level to be higher 
than those permitted in public beaches in USA (200 cfu/100 ml) in the lake; but 
showed that the samples taken were very different from site to site. The samples 
varied from 1 cfu up to 240,000 cfu per 100ml. 
Currently, water pollution in Lake Yojoa became a big concern on 
Honduras. Significant attention has been paid to the amounts of pollutants 
discharging into the Lake Yojoa. The main objective of this chapter, hence, is to 
evaluate and quantify the amounts of pollutants that each water source deposits in the 
Lake Yojoa. Also a secondary objective is to determine the need for a pollution 
mitigation plan to be set up and carried out. 
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3.2 Methodology 
The watershed of Cianuro Creek is located to the west of Lake Yojoa and 
has an extension of 6,212.89 ha from which Las Vegas municipality represents the 
84% of the total extension. Las Vegas is the biggest human settlement in the region. 
The Varsovia River watershed is located to the southeast of Lake Yojoa. It 
has an extension of 5,379.17 ha. This river does not drain directly to the Lake Yojoa 
but is connected to it by a man made earth channel. 
Yure River watershed is located to the southeast of the Lake Yojoa, north to 
Varsovia watershed. It has a territorial extension of 3,558.41 ha. Although this river 
does not drain directly to the lake, it’s connected through a concrete channel. 
The land considered as overused is the percentage of farmland and pasture 
that does not have a resting period. Mining is the main income for the population in 
Cianuro watershed. Overuse land is in the percentage of 43.26 %. Agriculture and 
cattle husbandry are the main income for the population in Varsovia watershed. The 
overused land in Varsovia watershed is 22.68 %. Cattle production is the main 
income for the population in Yure watershed. The 23.59 % of the land is in overuse. 
 
Historical data recorded by the Honduran National Electric Energy 
Company (ENEE) on precipitation over the watersheds of the main rivers and creek 
that discharge to the Lake Yojoa was acquired. The precipitation data comprised of 
the monthly precipitation from 1988 to 2010. The collecting stations are placed 
strategically in sites representative to the three main watersheds to Lake Yojoa. Due 
to the high percentage of woodland in all the sites, the calculations for pollutants was 
made from water collected before the effect of human activity during the day on to 
alter the quality (Table 3.2). 
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Table 3. 2 Watersheds Land cover distribution 
River watershed 
Total area 
(ha) 
Human 
settlement (ha) 
Farmland 
      (ha) 
Woodland 
(ha) 
Pasture  
   (ha) 
Water 
bodies (ha) 
Wetland 
(ha) 
Naked land 
(ha) 
Cianuro 
6212.89 
(100%) 
252.32  
(4.06%) 
1082.82 
(17.43%) 
2792.76 
(44.95%) 
1965.11 
(31.63%) 
0.03 
(0.004%) 
15.50 
(0.25%) 
104.35 
(1.68%) 
Varsovia 
5379.17 
(100%) 
35.48  
(0.66%) 
268.61  
(4.99%) 
3747.45 
(69.67%) 
1280.68 
(23.80%) 
0.90 
(0.02%) 
12.23 
(0.23%) 
33.82 
(0.63%) 
Yure 
3558.41 
(100%) 
34.59  
(0.97%) 
66.95  
(1.88%) 
2503.62 
(70.36%) 
882.62 
(24.80%) 
45.27 
(1.28%) 
15.44 
(0.43%) 
9.92 
(0.28%) 
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Six water samples were taken from each water sources on July 21
st
 2011. 
The samples were taken as follows. Two samples were taken from each river at the 
same time; the samples were taken at 6:30 am and 7:30 am as to avoid human 
activities of that day. Each sample site was marked by a GPS. At the same time span, 
the water flow of each river was observed in sites. A standard method utilized by the 
laboratory of the Panamerican Agricultural School (E.A.P.) el zamorano was applied 
for the sampling and handling. Utilizing autoclaved bottles of 1000 ml each; 
sampling was managed by taking around 200 ml of water from different depths, 
dividing the average depth of the river by 5 for each point. 
The water samples were analyzed for organic matter (OM), pH, electric 
conductivity (EC), phosphorus (P), potassium (K), chlorine (Cl
-
), nitrogen as nitrite 
(NO3
-
), and sulfate (SO4
2-
).  
Samples taken from each water source were analyzed for calculating 
specific load in each watershed. All the data was introduced to “SPSS 15 for 
Windows” program for the statistical analysis (P<0.05). The specific load was 
calculated as follows. 
 
SL = ( Q x C ) / A                                                                                                        (1) 
 
Where SL (kg/s/km
2
) is specific load, Q (l/s) is water flow, C (kg/l) is 
concentration and A (km
2
) is area of the watershed. 
3.3 Results and Discussion 
The rainfall data collected showed that there was no statistical difference in 
the amounts of monthly rainfall among watersheds. The water flow showed 
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significant differences (P<0.01) between water sources (Table 3.3); although 
precipitation did not show significant difference. Table 3.3 shows the mean of the 
water flow of each water source during the sampling period. 
 
 
Fig. 3- 1 Average monthly rainfall by watershed 1988-2010 
Table 3. 3 Average Water flow Towards the Lake (July, 2011) 
Water source Cianuro (m
3
/s) Varsovia (m
3
/s) Yure (m
3
/s) 
Water Flow 2.48
c 
±0.16 3.65
b 
±0.04 5.66
a 
±0.13 
Different super indexes indicate statistical difference at 99% between columns 
The analyzed water samples showed that none of the three rivers transported 
any phosphorus. In almost all of the analyzed nutrients, there were significant 
differences (P<0.05) placing the Cianuro Creek as the highest NO3 carrier (Table 
3.4). In spite of this difference, to determine which river contributes with more 
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amount of pollutants to the lake, the specific load was used. In Table 3., the specific 
loads of each water source were summarized. 
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Table 3. 4 Mean Separation of specific load of each river (July, 2011) 
Water source pH EC  
(mS/cm) 
OM  
(kg/s/km
2
) 
K 
(kg/s/km
2
) 
Cl 
(kg/s/km
2
) 
NO3-N 
(kg/s/km
2
)
 
SO4 
(kg/s/km
2
)
 
Cianuro 7.72
a
 28.50
a
 0.13
a
 0.11
a
 0.42
b
 0.38
a
 1.29
a
 
Varsovia 7.68
a
 41.00
a
 0.15
a
 0.26
a
 0.49
b
 0.00
b
 0.37
b
 
Yure 7.10
b
 19.00
a
 0.03
b
 0.66
a
 1.13
a
 0.00
b
 1.51
a
 
Means on the same column with different letter are statistically different at a significance of 0.05 
Table 3. 5 Land use and specific loads of pollutant by Pearson correlation 
Correlations     pH    EC    OM      K     Cl    NO3-N     SO4 
Human settlement   0.470 -0.093   0.270 -0.558 -0.500   0.933**   0.408 
Farmland   0.682   0.064   0.509 -0.716 -0.714   0.919**   0.148 
Woodland -0.558   0.032 -0.367   0.625   0.589 -0.936** -0.309 
Pasture   0.440 -0.113   0.238 -0.534 -0.469   0.930**   0.439 
Water bodies -0.970** -0.473 -0.948**   0.842*   0.996** -0.479   0.636 
Wetland -0.959** -0.505 -0.959**   0.816*   0.984** -0.393   0.712 
Naked land   0.717   0.095   0.551 -0.741 -0.750   0.909*   0.097 
* correlation is significant at the 0.05 (2-tailed); ** correlation is significant at the 0.01 (2-tailed) 
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The statistical analysis showed that there was a significant difference 
between Yure and the other two water sources and no difference between Cianuro 
and Varsovia water sources respecting pH, organic matter and chlorine. Yure River 
had the highest specific load of potassium, chlorine and sulfate. No difference in the 
potassium load among the sources. Cianuro Creek indicated the highest specific load 
of nitrogen in the form of nitrate that may create an environment for the super 
population of water plants. This super population of plants in the lake can cause the 
decrease in dissolved oxygen at night causing problems to the lake’s water life 
systems. These nitrogen components may be from fertilizers applied to the farmlands 
in the watersheds. 
Vevey et al. (1990) took samples of the sediments inside the Lake Yojoa 
and found high levels of contamination of heavy metals, the highest point near the 
outflow of Cianuro Creek. Although these high levels of heavy metal contamination 
were found, there were not bio-available as the concentrations in fish and wildlife is 
non-determined. 
Nitrate is affected by the human settlement, farmland and pasture creating an 
increase in the load as the extension of land use increases. The woodland affects 
negatively on the NO3 specific load due to the high amount of absorption by the tree 
concerning water, and nutrients. Cianuro Creek was the only water source that 
presented NO3, this due to the amount of farmland, pastures and naked land present 
in the watershed. 
3.4 Conclusions and Recommendations 
Lake Yojoa, the only freshwater lake in Honduras, has the necessity to be 
protected. The amount of pollutants carried by the water sources have to be evaluated 
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in order to further protect the Lake Yojoa from eutrophication and other type of 
contamination. 
Nitrate was affected heavily by the land use and that effect in time can 
easily be the same for all of the other pollutants. 
The high load of sulfate released by Cianuro Creek and Yure River present a 
threat not only for the wild life, but also for the humans that live near the lake. 
As a recommendation, a filtering system should be prepared specifically to 
cover all of the pollutants carried by the rivers that can be easily applied to all the 
water sources of the Lake Yojoa. This System has to cover the removal of organic 
material and nutrients directly from the water. 
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Chapter 4  
UTILIZATION OF INOCULATED ECO-BLOCK 
FOR GLUCOSE CONSUMPTION 
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4.1 Introduction 
The necessity for an effective and economic water pollutant removal tool, 
recently, has become an interest in the developing world. Previous studies has given 
information about the use of effective microorganisms for this effect (Ongley, 2000; 
de Vries et. al., 2008; Pebbles, 2003).These effective microorganisms require an 
immobilization medium to make them easier to handle and apply.  
A known microorganism immobilization medium for water filtering is the 
eco-block. Eco-block is any inert material where effective microorganisms can be 
immobilized and used for water quality improvement. Park and Tia (2004), 
conducted an experiment where porous concrete and industrial by-products was used 
for water purification. Although it was not inoculated the experimenter calculated the 
amount of organisms attached to the block by the consumption of dissolved oxygen. 
The use of immobilized microorganisms in blocks is usually for bio-filtration 
systems (Cohen, 2001). 
The use of effective microorganisms is a economical method to create a 
filtering system. Bacillus subtillis var. natto (Bacillus natto) is a bacteria easily 
obtained in Japan. Is usually utilized for the production of food where the Bacillus 
natto ferments soy beans to make a food called “Natto” which is a typical food 
consumed in Japan. Matsunaga et.al. 2006, presented data where concrete eco-block 
inoculated with Bacillus natto performed better than regular block for water quality 
improvement. As a viable, easy to obtain and easy to manage microorganism is a 
candidate to create a simple eco-block for water pollutant removal.  
So, the main objective of this chapter was to quantify the amount of glucose 
absorbed by inoculated eco-block as an indicator of its capacity for pollutant removal 
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from water. As a secondary objective, this chapter addresses two points; first to find 
the best combination of strength and allocation capacity and second to determine the 
ability of eco-block to allocate Bacillus natto within its structure. 
4.2 Methodology 
4.2.1 Eco-block production and strength: 
The easiest method for producing eco-block is the use of clay material and 
charcoal powder that are heated to temperatures where the charcoal is consumed and 
the clay was hardened. For this purpose Kibushi clay (Fig. 4-1) was utilized in 
laboratory as base for the carbon. Different sizes of charcoal powder were utilized to 
create a set of pores within the hardened clay after cooking.  
Vegetable charcoal powder was utilized (Fig. 4-2). The charcoal was 
pulverized and then sieged to separate the different sizes of charcoal powder to be 
utilized. The sizes were: 100 µm, 250 µm, 500 µm, and 1000 µm. The treatments 
were controlled as follow: 0 µm, 100 µm, 250 µm, 500 µm, and 1000 µm. It was 
determined that to the mass of clay the same percentage of charcoal powder was used. 
The ratio was: charcoal powder is 20% of clay mass, and water is 25% of the 
combination of clay and charcoal powder (Table 4.1). 
The shape of the block was cylindrical (Fig. 4-2) to increase the contact 
between the water and the pore surface. Also, the manufacturing of cylinder shape 
blocks had the advantage to create strong and highly porous medium for inoculation. 
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Fig. 4- 1 Kibushi clay 
 
 
Fig. 4- 2 Vegetable Charcoal powder, sieged to different sizes 
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Table 4. 1 Sample combination 
Sample  Charcoal percentage  
(based on clay mass) 
Water content 
(based on clay and Charcoal total mass) 
0 μm 0% 25% 
100μm 20%  25% 
250μm 20%  25% 
500μm 20%  25%l 
1000μm 20%  25% 
 
 
Fig. 4- 3 Block shape and size 
The samples were cooked at 500 
o
C for 5 hours to ensure the hardening of 
the clay and the consumption of all the charcoal. The strength was observed 
empirically by a pressure machine to measure Newton/cm
2
 (N/cm
2
) of force to break 
point. Also microscopic pictures of the surface were taken to physically observe the 
pores. 
20 mm 
1
0
 m
m
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4.2.2 Inoculation: 
Bacillus natto has proven to remove agents from water that cause odor and 
other organic materials. So, the immobilization process of this microorganism in the 
clay eco-block was a simple one. Powdered Bacillus natto was obtained from the 
market (Fig. 4-4) and dissolved into a nutrition solution to make an inoculation 
solution; and incubated for 3 days at 37
o
C. The utilized nutrition solution was created 
by a Japanese commercial nutrition broth medium (Fig. 4-5). 
 
Fig. 4- 4 Commercial Powdered Bacillus natto  
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Fig. 4- 5 Nutrition broth medium 
The inoculation was a simple addition of the inoculation solution up to half 
of the eco-block so that the other half would absorb the microorganisms by 
capillarity (Fig. 4-6). The average total mass of the blocks to be inoculated were of 
30.15 g a total of 6 clay blocks. 
The inoculated eco-blocks were incubated for 5 days at 37
o
C and then 
washed with physiological saline solution to remove the bacteria on the surface of 
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the block. The washed eco-block was ground by mortar and pistil to release the 
microorganisms within the block by mixing the ground eco-block with saline 
physiological saline solution and stirred by machine stirrer for 30 minutes at 100 
revolutions per minute. The solution was used for a dilution method to count the 
cfu/g of block in a nutrient agar (Fig. 4-7). 
 
Fig. 4- 6 Block inoculation 
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Fig. 4- 7 Nutrient agar medium for dilution  
4.2.3 Glucose consumption: 
Two levels of glucose solutions were made for the consumption trials. A 
high concentration where supposedly the microorganisms will thrive and a low 
concentration were the microorganisms would grow slower. Distilled water without 
glucose was utilized as the control group. The concentrations were calculated at 0, 5, 
and 15% mass of glucose in distilled water solution being the glucose the only 
nutrient to be consumed. The treatments were placed in beakers, unstirred at room 
temperature and samples were taken at 3, 12, 24, 36, and 48 hours. Immediately after 
taking the samples, they were analyzed by a pocket refractometer to measure the 
glucose concentration consumption. 
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4.3 Results and Discussion 
4.3.1. Eco-block production and strength: 
Fig. 4-8 shows the strength of the produced blocks for different sizes in 
Newton-centimeter (N-cm). The treatment that resisted more energy to break point 
was the 0 μm; this treatment also showed no pores due to the lack of charcoal powder 
in the mix. 
 
Fig. 4- 8 Force to break point of eco-block treatments 
The treatment that resisted the less force to break point was 1000 µm 
treatment and was statistically different from the rest; this is supposedly because of 
the high amount of space left by the bigger charcoal powder particles (Fig. 4-8). The 
100 µm treatment showed high resistances to force and was statistically different 
than the rest. 
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   0 µm      100 µm     250 µm 
    
     500 µm       1000 µm 
Fig. 4- 9 Microscopic pictures of eco-block treatments 
 
5 mm 
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Nevertheless there was very no pores observable in the microscopic pictures 
(Fig. 4-9). Treatments 250 and 500 µm had no statistical difference between them 
and represented half of the resistances to force than the 0 µm treatment. The pores 
were easily observable in both 250 and 500 µm treatments (Fig. 4-8).  
4.3.2. Inoculation: 
Fig. 4-10 shows the inoculation rate in colony forming unit per gram of 
inoculated eco-block. There was a statistical difference placing the 500 µm treatment 
as the highest inoculation rate.  
 
Fig. 4- 10 Inoculation rate of eco-block treatments 
4.3.3. Glucose consumption: 
The control reported no consumption and no release of glucose to the 
solution at any time. Also the consumption trial was carried out only to the highest 
inoculation rate and with the acceptable strength; in this case the 500 µm treatment. 
Fig. 4-11 shows the accumulative consumption of the 500 µm treatment up to 48 
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hours of both low and high glucose concentrations. There was no statistical 
difference between the consumptions and the consumption was very low. 
 
Fig. 4- 11 500 µm eco-block accumulative glucose consumption 
4.4 Conclusions and Recommendations 
The resistance to force to break point of eco-block demonstrated that when 
making an eco-block the more porous the medium becomes the easier to break down. 
Nevertheless a certain amount of porous can give an acceptable strength and pores 
that can immobilize microorganisms.  
The 500 µm eco-block treatment presented the best combination of material 
strength, porosity and inoculation rate. However, there was low glucose consumption 
by the Bacillus natto inoculated in the eco-block treatment.  
Eco-block is capable of immobilizing Bacillus natto. But, the use of another 
microorganism may have better results in the consumption of glucose. It is 
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recommended a microorganism that can be as easily managed as Bacillus natto and 
also has proven to be able to remove pollutants from water. 
The use of a different immobilization medium may be recommended. 
Natural porous mediums may be explored as economic alternatives to the eco-block 
and other filtering systems. 
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Chapter 5  
UTILIZATION OF INOCULATED ERI COCOON 
FOR GLUCOSE CONSUMPTION 
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5.1 Introduction 
Sericulture is defined as the breeding and raising of silk worms for the 
production of silk. There are different species of silk worms used for this purpose. In 
this study we will focus on the eri silk worm (Samia cynthia ricini). The eri culture, 
as is called the rearing of eri silk worm, takes place in different areas of Asia and 
India.  
In the North-East region of India, eri farmers adopt various traditional 
indigenous practices for rearing (Sarmah et. al., 2010). They give eri culture different 
uses from poverty alleviation strategy (Ramalakshmi, 2009) to the use of the eri pupa 
as a food for human consumption (Sarmah, 2011). But the main usage of the eri 
culture is the production of silk. 
In the production of silk, the weight of silk cocoons is an important 
parameter. Different investigators have used, as part of their researches, cocoon 
weight as an indicator for production. Manjunatha Naik C., (2010) found that 
different plants have an impact on larvae survival and in cocoon webbing. 
Rajashekhargouda et. al. (2009) tested alternative plant hosts for eri culture and 
found that tapioca variety Co-2 can be used as a viable host with a cocoon average 
weight of 2.183 g. In another study, Chandrashekhar and Govindan (2010) studied 
the different genotypes of castor plants and concluded that the size of the cocoon is 
not affected by the variety of the castor plant. 
Some studies on the structure of the silk fiber have been conducted. 
However, these studies have focused on the protein structure rather than the physical 
structure (Asakura and Nakazawa, 2004). In other study the eri cocoon was analyzed 
in an aqueous solution and dry-frizzed to obtain a fibroin powder to be used for its 
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thermal properties and protein structure study (Yaowalak et. al., 2009). Asakura and 
Nakazawa (2004) concluded that the silk fiber has a spiral protein structure focusing 
in poly-Alanine chain and Glycerine areas with a Carbon and Nitrogen terminals. 
Structural studies of the filaments have been done by Akai and Nagashima 
(2001, 2002) on different silk moths. Porous and compact filament formations are 
caused or regulated by continued lysosome releases which are affected by the 
progress of silkgland degradation (Akai and Nagashima, 2001). These porous 
structures and shell holes, as described by Akai and Nagashima (2001, 2002), can be 
supposedly to be present in other Saturniids as well and used as a niche for effective 
microorganisms. 
The use of different methods for water pollutant removal has been 
considered one of the important actions taken to protect the environment. There have 
been some experiments to immobilize microorganisms and used for bioremediation 
(Krumme et. al., 1994; Arango, 2004; Hosseini et. al., 2007; Singh and Sarma, 2010). 
Most of the substrates used to immobilize effective microorganisms are non-
biological porous materials. The eri cocoon has the potential to immobilize effective 
microorganisms and from there be used as a method to remove pollutants from water. 
A study with Lactobacillus acidophilus has proven that this bacteria is capable of 
removing, at a concentration of 2 mg dry wt/ml biomass, up to 60 % of Arsenic (III) 
from a 1000 ppb from water solution at pH 7 within 3 hours (Singh & Sarma, 2010). 
In another experiment, lactobacillus spp. isolated from shrimp farm water samples 
were capable of simultaneous removal of pathogenic bacteria and nitrogen (Ma, et.al., 
2009). 
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So, the main objective of this chapter is is to quantify the amount of glucose 
absorbed by inoculated eri cocoon as an indicator of the capacity for pollutant 
removal.  
As secondary objectives are: to describe the structures that eri cocoon 
presents in order to be a niche for microorganisms; to observe the effects of different 
treatments on the physical structures of the cocoon fiber; to determine the ability of 
eri cocoon to allocate lactobacillus spp. within its structure. 
5.2 Methodology 
5.2.1 Physical description:  
Microscopic images were taken from different treatments of eri cocoon. 
From the images a physical description and differences were observed to determine 
the space that microorganisms could inhabit. 
The treatments were untreated cocoons (UT); the pupa was removed and 
only the silk cocoon was utilized. 1 week soaked in water (WS); the cocoon was 
soaked in distilled water for seven days without stirring at 25oC. Autoclaved (AC); 
the eri cocoon were immersed in destilled water and autoclaved at a temperature of 
110 oC and at a pressure of 152 KPa. Twisted yarn (TY); an already processed silk 
yarn was obtained. 
5.2.2 Inoculation:  
Lactobacillus spp. was incubated and inoculated to calculate the ability of 
the treatments to allocate bacteria by the cocoon. The inoculation solution was added 
directly to the treatments by 6 ml per sample in order con cover half of the sample 
and allowing the other half to absorb by capillarity. 
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The inoculated eri cocoon was incubated for 72 hours at 37 
o
C. Five count 
repetitions were made to get an average colony forming units (cfu) per milligram of 
eri cocoon in order to observe the differences between treatments.  
5.2.3 Glucose consumption:  
Two levels of glucose solutions were used. High concentration of 15 g of 
glucose dissolved in 100ml of distilled water and 5g of glucose dissolved in 100ml of 
distilled water, which equals 15 % glucose solution and 5 % glucose solution 
respectively. The inoculated eri cocoon treatments were placed in 60ml of glucose 
solution and sampled at 3, 24, 48, 72, 120, 192, 288, 360, 408, 480 hours. The four 
treatments had 4 repetitions and two repetitions of control. The control treatment was 
distilled water instead of the glucose solution. The glucose consumption was 
recorded and analyzed by the SPSS 15 for windows system. 
5.3 Results and Discussion 
5.3.1 Physical description: 
The UT presented entrances and nanotubes where bacteria can easily 
penetrate (Fig. 5-1). After using a filter to observe the spaces within fibers the 
nanotubes were easily observed (Fig. 5-5). 
After treating the cocoon by soaking it for seven days cavern like structures 
began to appear within the silk fibers (Fig. 5-2). Although no entrances where 
observed, this cavern-like structures presents suitable and larger spaces than those on 
the normal nanotubes present on the UT. When the Eri cocoon was autoclaved the 
cavern-like structures were more frequent and entrances to them were observed. 
These cavern-like structures presented more space within the fiber and also were 
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longer that those present on the WS treatment (Fig. 5-3). The twisted yarn showed 
almost no difference with the fibers in the untreated, the only difference was the 
order that they aligned with each other making a lower exposure area (Fig. 5-4). 
 
 
Fig. 5- 1 Untreated Eri Cocoon Fiber Micro-morphologic Image 
 
20µm 
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Fig. 5- 2 Water Soaked Eri Cocoon Fiber Micro-morphologic Image 
 
Fig. 5- 3 Autoclaved Eri Cocoon Fiber Micro-morphologic Image 
 
20µm 
20µm 
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Fig. 5- 4 Twisted Yarn Micro-morphologic Image 
 
Fig. 5- 5 Negative Filter Eri Cocoon Micro-morphologic Image 
50µm 
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5.3.2 Inoculation:  
In Table 5.1 and Fig. 5-6, the inoculation data is shown. The inoculation 
solution showed an average of 1.15 x 10
16
 colony forming units (cfu) per milligram 
of cocoon. UT and AC had no statistical difference between them and had the higher 
inoculation count in cfu per milligram of cocoon. WS and TY had the lowest 
inoculation and were statistically different from AC and UT.  
The alignment in TY and the treatment that received beforehand may be the 
cause of such low cfu/mg count. It is also possible that if the TY was soaked in water 
before the inoculation this can be higher due to the same effect as in WS. WS and 
TY had no statistical difference; nevertheless, they both have the capacity to allocate 
a certain amount of Lactobacillus spp. within their structures. 
Table 5. 1 Inoculation Rate of eri cocoon 
Rep. Untreated 
(cfu/mg) 
Water soaked 
(cfu/mg) 
Autoclaved 
(cfu/mg) 
Twisted yarn 
(cfu/mg) 
1
st
 1.85x10
08
 2.00x10
07
 1.66x10
08
 7.99x10
06
 
2
nd
 8.82x10
07
 3.25x10
07
 1.54x10
08
 2.81x10
07
 
3
rd
 7.20x10
07
 5.55x10
07
 1.38x10
08
 1.75x10
07
 
4
th
 6.28x10
07
 3.60x10
07
 1.18x10
08
 2.57x10
07
 
5
th
 1.19x10
08
 3.69x10
07
 1.85x10
08
 9.48x10
06
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Fig. 5- 6 Average Colony Forming Units per milligram of eri Cocoon 
5.3.3 Glucose consumption:  
The glucose consumption was taken and corrected by the control samples. 
There was a statistical difference in the amount of consumption between high and 
low concentrations of solutions. Within the low concentration there was no statistical 
difference between treatments. Within the high concentration there was statistical 
difference between the TY and the rest of the treatments; between UT, AC, and WS 
there was no statistical difference. Fig.5-7 shows the net consumption of Glucose per 
treatment in time. 
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Fig. 5- 7 Net Glucose consumption by Lactobacillus spp. inoculated eri cocoon 
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5.4 Conclusions and Recommendations 
Eri cocoon has the natural structures to allocate microorganisms within its 
fibers. Giving treatments as soaking the eri cocoon in distilled water, or using an 
autoclave these structures can be improved. Although, some treatments used to create 
yarn may only reduce the ability of eri cocoon fiber to allocate bacteria. Eri cocoon 
inoculated with Lactobacillus spp. is able to absorb up to 29% of glucose out of a 
glucose solution at 15% glucose solution within 450 hours; and up to 26% within the 
first 3 hours. 
Comparing physical structures, as the amount of space observable by 
microscope imaging, and inoculation rate; the AC presents the best structures and the 
highest rate. In the inoculation rate there was no statistical difference between UT 
and AC which entails that the cheapest and best option for inoculation is the UT. 
Even though AC presents all the advantages for a filtering system, the use of UT is 
recommended to make a nitrogen absorption trial. The combination of UT and TY as 
a bio-string contactor may give a better result when used together to make a net for 
water pollutant removal. 
It is recommended that a comparison with a popular immobilization 
medium should be addressed in order to observe the differences of capacity and 
effectiveness of the proposed bio-string contactor. 
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Chapter 6  
COMPARISON OF INOCULATED ERI COCOON 
AND ECO-BLOCK FOR POLLUTANT REMOVAL 
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6.1 Introduction 
The necessity for an effective and economic water pollutant removal tool, 
recently, has become an interest in the developing world. Previous studies has given 
information about the use of effective microorganisms for this effect (Ongley, 2000; 
de Vries et. al., 2008; Pebbles, 2003).These effective microorganisms require an 
immobilization medium to make them easier to handle and apply. 
A known microorganism immobilization medium for water filtering is the 
eco-block. eco-block is any inert material where effective microorganisms can be 
immobilized and used for water quality improvement. Park and Tia 2004, conducted 
an experiment where porous concrete and industrial by-products was used for water 
purification. Although it was not inoculated the experimenter calculated the amount 
of organisms attached to the block by the consumption of dissolved oxygen. 
Matsunaga et.al. 2006, presented data where concrete eco-block inoculated with 
Bacillus natto performed better than regular block for water quality improvement. 
The use of immobilized microorganisms in blocks is usually for bio-filtration 
systems (Cohen, 2001). 
Although, most of the substrates used to immobilize effective 
microorganisms are non-biological porous materials. The eri cocoon has the 
structures to immobilize Lactobacillus spp. within its fibers (Mendoza Tovar et. al. 
2013); it was also determined the best treatment for the eri cocoon to be used. A 
study with Lactobacillus acidophilus has proven capable of removing up to 60% of 
Arsenic (III) from water solution within 3 hours (Singh & Sarma, 2010). In another 
experiment, Lactobacillus spp. isolated from shrimp farm water samples were 
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capable of simultaneous removal of pathogenic bacteria and nitrogen (Ma, et.al., 
2009). 
So, the main objective of this chapter was to compare the performance eri 
cocoon and eco-block as porous mediums in glucose and NO3-N consumptions. As a 
secondary objective, was to compare eri cocoon and eco-block based on the amount 
of bacteria that can be allocated through the inoculation rates from both 
Lactobacillus and Bacillus natto. 
6.2 Methodology 
The methodology of this study was divided into two stages; the first was the 
comparison between eri cocoon and eco-block to allocate microorganism, and second 
was the comparison of consumption of glucose and NO3-N between inoculated eri 
cocoon and eco-block (Fig. 6-1). 
  
eri cocoon      eco-block  
Fig. 6- 1 Immobilization mediums 
Both eco-block and eri cocoon were inoculated with Lactobacillus spp. and 
Bacillus natto and cultivated for 3 days before making a dilution method to count the 
colony forming units of each one. Both microorganisms had the same management 
for both immobilization mediums.  
15 mm 15 mm 
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The inoculation solution was added directly in order to cover half of the 
sample and allowing the other half to absorb by capillarity. The inoculated samples 
were incubated for 72 hours at 37 
o
C (Fig 6-2). Five count repetitions were made to 
get an average colony forming units (cfu) per milligram of both mediums in order to 
observe their difference. 
 
   
      Inoculation of eco-block                Inoculation of eri cocoon 
Fig. 6- 2 Inoculation procedure 
Simultaneous consumption experiments for both inoculated immobilization 
mediums by Lactobacillus and Bacillus natto were carried out in a water 
recirculation system to simulate water movement in a reservoir (Fig. 6-3). Glucose 
had two level of concentration; low concentration was of 5% of glucose solution and 
high concentration of 15% glucose solution. NO3-N was determined at 10 mg/l at the 
start of the experiment according to the water sample analysis in chapter 3. The 
sampling was conducted at 3, 12, 24 and 48 hours and analyzed within 24 hours of 
the sampling.  
20 mm 30 mm 
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a. Medium application reservoir b. Solution application reservoir c. Water pump  Water flow 
Fig. 6- 3 Experiment water recirculation system 
a 
c 
b 
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6.3 Results and Discussion 
Within the inoculation rates, there was a significant difference between the 
eri cocoon and eco-block (Fig.6-4) placing the eri cocoon as the best immobilization 
medium of them both. Nevertheless, it is a comparison based on colony forming 
unites per gram of medium, and due to the low weight of cocoon it has an advantage 
over the eco-block. Even though there was no statistical difference between bacteria 
allocation within each medium, Bacillus natto presents a higher rate in both stating 
that it may be more effective in the immobilization process. It is also suspected that 
the clay material of which the eco-block consists may have had an effect on the 
immobilization ability or inoculation rate. The document by Matsunaga et.al. (2006) 
presented no inoculation rate of the concrete block used in his experiment; but, by 
observing the dissolved oxygen in the document it can be inferred that during the 
experiment there was an increase after application. 
Eri cocoon inoculated with Lactobacillus had the highest inoculation rate, 
and had the highest consumption in both glucose and NO3-N. In all the consumptions 
from all treatments at the first 3 hours, there was a high consumption until it 
normalizes and stabilizes the consumption into slow consumption or no consumption. 
Fig. 6-5 shows the consumptions of both glucose and NO3-N by the 
inoculated mediums. It is observed that the consumption of eri cocoon inoculated 
with lactobacillus has a statistical difference when compared with the other 
combinations. This difference can be easily assigned to Lactobacillus effect due to 
the lack of statistical difference between eri cocoon inoculated with Bacillus natto 
and the eco-block inoculated with both microorganisms. 
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Fig. 6- 4 Comparison of eri cocoon and eco-Block by Inoculation rate  
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Fig. 6- 5 Consumption comparison of inoculated eri cocoon and eco-Block 
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The absorption of NO3-N of eco-block in this experiment is better than the 
results by Matsunaga et.al. (2006) where after 24 hours of application there was an 
increase of NO3-N. During our experiments the consumption was observed to 
stabilize after 24 hours in the case of eco-block with both Bacillus natto and 
Lactobacillus spp. but there was no release of NO3-N observed.  
Overall, in the consumptions, eri cocoon behaves better than eco-block; 
having higher consumptions. When eri cocoon was inoculated with Bacillus natto, 
does not present statistical difference with the consumptions of eco-block inoculated 
with both microorganisms. It is also observed that the consumption of glucose at low 
concentration presented a statistical difference between Lactobacillus and Bacillus 
natto inoculated in eco-block placing Lactobacillus in a higher consumption. 
6.4 Conclusions and Recommendations 
As there was no statistical difference between both microorganisms within 
the immobilization mediums but a statistical difference between mediums, the best 
immobilization medium by inoculation rate is eri cocoon. Due to the fact that it can 
allocate statistically the same amount of microorganisms in a smaller mass and 
volume than the eco-block. This sturdiness and lightness of the eri cocoon as an 
inmobilization media would make it easier to manage and to transport for the 
application. 
The eri cocoon inoculated with Lactobacillus spp. has the highest 
consumptions of all of the solutions. This infers that the best option to remove 
pollutant or create an economic pollutant removal tool is the eri cocoon inoculated 
with Lactobacillus spp. Lactobacillus spp. proved that is more effective at consuming 
nutrients from a water flow than Bacillus natto, nevertheless Bacillus natto may have 
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with a different immobilization medium such as concrete have a better consumption 
results. 
It is recommended that the tool may be utilized as a bio-string contactor 
with inoculated eri silk yarn; the combination of untreated eri cocoon and eri silk 
twisted yarn may give a better result when used together in water flow. The 
application could be by a spillway that ensures the contact of the bio-string contactor 
and the water for enough time for it to consume the pollutants in the water. 
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Chapter 7  
STRATEGIC PLANNING FOR APPLICATION OF 
STUDIED TECHNOLOGY 
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7.1 Introduction 
To effectively apply a water pollutant removal tool that is capable of 
improving the water qualities in the water sources of Lake Yojoa, the strategy must 
be carefully planned and thought through. There are many strategies from which we 
can choose as way to apply a contactor; from creating a rotating biological contactor 
or a net-like rotating biological contactor or a bioelectrochemical contactor (Sayess 
et.al. 2013; Chen et.al. 2006; Pakshirajan and Kheria 2012; Fabbricino and Petta 
2007).  
Most of the bio-contactors are utilized as a rotation device requiring a motor 
or rotor as well as a higher management; regardless of this a fixed bio-contactor has 
lower cost for application and management. A fully fixed bio-contactor inoculated 
with a microorganism that will consume nutrients from water in an aerobic or 
anaerobic environment is desirable for a third world country as Honduras. 
So, The objective of this chapter is to give a clear strategy of applying the 
identified bio-contactor to the water sources of the Lake Yojoa. 
7.2 Methodology 
Based on the results from the laboratory experiments summarized in 
Chapter 6 and related literatures, it was proposed that the effective water pollutant 
removal tool is a bio-string contactor made of untreated eri cocoon connected by 
treated twisted yarn inoculated with Lactobacillus spp. (Fig.7-1). 
In order to apply the bio-contactor literature was taken into account for the 
design of the application method. Kargi (2002) used a combination of disc contactor, 
rotor and air pump to treat empirically saline water; also Hiras et.al. (2004) designed 
a section of anoxic and aerobic compartments where both have effluents by overflow. 
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From both designs a simple design to apply the bio-string contactor without rotor or 
was drawn out. Considering that the contact time between the water and the bio-
contactor was observed to be of a minimum of 3 hours. The design of inflow and 
outflow should be controlled.  
A scale model was built in order to confirm the ability of the contactor to 
extract NO3-N from water during different runs. Water would be completely changed 
and the free microorganisms (microorganisms free from the contactor) would be 
discarded. The only microorganisms to be taken into account for the following run 
would be the microorganisms within the contactor. There were 4 different runs 
taking samples at 0 hours and at 3 hours of application when all of the water had time 
of contact with the contactor. 
Based on the information of water flow obtained on chapter 3, accessibility 
to the water sources, space to build the structure and proximity to Lake Yojoa, 
proposed locations were considered and recognized. Observing the three main water 
sources surrounding areas and locations, the most strategic locations were identified 
with the help of a local association organized and focused towards the protection and 
promotion of the lake. 
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Fig. 7- 1 Eri cocoon bio- string contactor 
7.3 Results and Discussion 
The design of the structure to apply the bio-string contactor was based on 
the designs of rotation bio-contactors from literature simplifying it and removing the 
rotation section of them. A simple spillway besides the water source which can 
collect at least 70% of the water flow and treat it before entering Lake Yojoa is the 
proposed application method (Fig. 7-2).  
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Fig. 7- 2 Bio-string contactor field application spillway design (m) 
During laboratory experiments a scale model was produced and tried with 
the fixed contactor (Fig. 7-3). This contactor proved that after 4 complete water 
changes the contactor still was able to remove up to 70.47 % of the NO3-N from the 
water flow (Table 7.1). This consumption indicates that even after withdrawing the 
microorganisms that get released from the contactor, the contactor has the capacity of 
consuming NO3-N from the water flow. 
8 m
2.5 m
6 m
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a. Water pump; b. contactor application spillway model, c. water reservoir 
Fig. 7- 3 Contactor scale model 
Table 7. 1 Consumption of NO3-N by contactor in different runs 
Sample Average NO3-N (mg/l) Consumption (%) 
0 hours first run 3.06 
92.16 
3 hours first run 0.24 
0 hours second run 2.72 
75.52 
3 hours second run 0.67 
0 hours third run 3.10 
77.10 
3 hours third run 0.71 
0 hours fourth run 3.13 
70.47 
3 hours fourth run 0.92 
 
a 
b
  a 
c 
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At the geographical points; 14.7867 °N, 87.9796 °W (Fig.7-4); 14.8836 
°N,.9375 °W (Fig.7-5); and 14.8922 °N, 88.0330 °W (Fig.7-6) are the best locations 
regarding the characteristics desired for the construction of the spillway structures 
within the Varsovia, Yure and Cianuro Rivers, respectively. 
Each point has the best combination of accessibility, nearness to the Lake 
and space to build the spillway. 
 
Fig. 7- 4 Varsovia proposed location for spillway construction 
500m 
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Fig. 7- 5 Yure proposed location for spillway construction 
 
Fig. 7- 6 Cianuro proposed location for spillway construction 
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500m 
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7.4 Conclusions and Recommendations 
According to the results of the scale model on the absorption of NO3-N, the 
design of the spillway is recommendable and economic to construct while 
extrapolating it to a size functional for the treatment. Also, it has been proven that the 
bio-string contactor is able to absorb up to 70% after removing all of the water and 
challenged with new water. 
The three identified locations have to be approved by the three different 
municipalities in which they belong to in order to be able to construct the spillways 
in those locations.  
The entire legal framework and proposal must be presented to the Ministry 
of Natural Resources of Honduras and the economic study has to be carried out in 
order to have the permits for the application of the bio-string contactor on the water 
sources of Lake Yojoa. 
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Chapter 8  
CONCLUSIONS 
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Lake Yojoa is the only freshwater lake in Honduras and needs to be 
protected. According to the investigations, its water sources carry amounts of 
pollutants that should be addressed. Discharged NO3-N into the Lake Yojoa from 
water sources increase water plants in the lake that slowly is reducing the area of 
water surface, putting in danger the lake itself. However, some techniques are 
unavailable to be applied in the study area, because of the difficulty to produce high 
technical materials and the low technical knowledge to manage them. 
One of the technologies studied was the eco-block; which proved that the 
500 µm eco-block treatment presented the best combination of material strength, 
porosity and inoculation rate and that eco-block is capable of immobilizing Bacillus 
natto. However, there was low glucose consumption by the Bacillus natto inoculated 
in the eco-block treatment. The second technology was a natural immobilization 
medium in this case eri cocoon. Eri cocoon has the natural structures to allocate 
microorganisms within its fibers. Giving treatments as soaking the eri cocoon in 
distilled water, or using an autoclave these structures can be improved. Although, 
some treatments used to create yarn may only reduce the ability of eri cocoon fiber to 
allocate bacteria. Eri cocoon inoculated with Lactobacillus spp. is able to absorb up 
to 29% of glucose out of a glucose solution at 15% glucose solution within 450 hours; 
and up to 26% within the first 3 hours. The use of untreated eri cocoon is 
recommended to make a nitrogen absorption trial and comparison with eco-block. 
The combination of untreated eri cocoon and eri silk twisted yarn as a bio-string 
contactor may give a better result when used together to make a net for water 
pollutant removal. 
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When comparing both previous technologies, there was no statistical 
difference between both microorganisms in the same the immobilization medium but 
a statistical difference between mediums was observed placing the bio-string 
contactor as the best immobilization medium by cfu/mg of medium. Due to the fact 
that it can allocate statistically the same amount of microorganisms in a smaller mass 
and volume than the eco-block, eri cocoon as an immobilization medium would be 
easier to manage and to transport for the application. The eri cocoon inoculated with 
Lactobacillus spp. has the highest consumptions of all of the solutions. This infers 
that the best option to remove pollutant or create an economic pollutant removal tool 
is the eri cocoon inoculated with Lactobacillus spp.  
According to the results of the scale model on the absorption of NO3-N, the 
design of the spillway is recommendable and economic to construct. Also, it has 
been proven that the bio-string contactor is able to absorb up to 70% after removing 
all of the water and challenged with new water. The three identified locations have to 
be approved by the three different municipalities in which they belong to in order to 
be able to construct the spillways in those locations. The entire legal framework and 
proposal must be presented to the Ministry of Natural Resources of Honduras and the 
economic study has to be carried out in order to have the permits for the application 
of the bio-string contactor on the water sources of Lake Yojoa. 
Eri cocoon and twisted eri silk yarn inoculated with Lactobacillus spp. as a 
bio-string contactor is a good water pollutant removal tool and may be easily applied 
at the water sources of Lake Yojoa in order to protect it from eutrophication.
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Annex 1. Water Analysis Data 
 
 
ZAMORANO ___LABORATORIO DE SUELOS 
CARRERA DE CIENCIA Y PRODUCCION AGROPECUARIA 
 
Zamorano tels. (504) 2776-6140 al 50 ext.  2316 Fax: (504) 2776-6242    Cel: (504) 9969-6846 
 
 
Fecha:  23 de Julio de 2011 
 
Resultado de análisis de aguas 
 
 
 
Procedencia de la muestra: Lago de Yojoa, Yure, Varsovia, cianuro 
 
Solicitante: Tokyo University of Agriculture 
 
 
 
 
mmhos/cm % 
 
 
 
 
meq/L 
# Lab. Muestra pH C.E. M.O P K Cl
- 
NO - SO 2- 
3 4 
11-A-1784  Y 6: 30-2 7.06 0.34 0.00  0.00  0.14 0.20 0.00  0.0944 
11-A-1785  Y 7: 30-2 7.13 0.04 0.03  0.00  0.07 0.20 0.00  0.1028 
11-A-1786  Y 8: 30-2 7.05 0.04 0.06  0.00  0.09 0.20 0.00  0.0944 
11-A-1787  Y 9: 30-2 7.12 0.04 0.08  0.00  0.07 0.20 0.00  0.0611 
11-A-1788  Y 10: 30-2 7.11 0.04 0.11  0.00  0.09 0.20 0.00  0.0694 
11-A-1789  Y 11: 30-2 7.06 0.04 0.13  0.00  0.07 0.20 0.00  0.0778 
11-A-1790  Y 12: 30-2 7.16 0.03 0.14  0.00  0.08 0.20 0.00  0.0861 
11-A-1791  Y 13: 30-2 7.29 0.04 0.17  0.00  0.08 0.10 0.00  0.0611 
11-A-1792  Y 14: 30-2 7.09 0.04 0.19  0.00  0.08 0.10 0.00  0.0694 
11-A-1793  V 6: 30-3 7.59 0.25 0.21  0.00  0.10 0.20 0.00  0.0444 
11-A-1794  V 7: 30-3 7.76 0.57 0.22  0.00  0.09 0.20 0.00  0.0694 
11-A-1795  V 8: 30-3 7.61 0.08 0.24  0.00  0.07 0.20 0.36  0.0778 
11-A-1796  V 9: 30-3 7.76 0.06 0.25  0.00  0.08 0.10 0.18  0.0528 
11-A-1797  V 10: 30-3 7.89 0.07 0.26  0.00  0.10 0.10 0.25  0.0778 
11-A-1798  V 11: 30-3 8.00 0.08 0.27  0.00  0.10 0.20 0.00  0.0361 
11-A-1799  V 12: 30-3 8.00 0.08 0.28  0.00  0.08 0.20 0.15  0.0444 
11-A-1800  V 13: 30-3 8.35 0.07 0.30  0.00  0.09 0.10 0.00  0.0611 
11-A-1801  V 14: 30-3 8.35 0.07 0.31  0.00  0.09 0.20 0.01  0.0444 
11-A-1802  C6:30 - 1 7.64 0.27 0.31  0.00  0.08 0.30 0.21  0.3444 
11-A-1803  C7:30 - 1 7.80 0.30 0.32  0.00  0.06 0.30 0.10  0.3278 
11-A-1804  C8:30 - 1 7.75 0.29 0.33  0.00  0.08 0.20 0.00  0.3528 
11-A-1805  C9:30 - 1 7.69 0.25 0.34  0.00  0.07 0.20 0.01  0.3694 
11-A-1806  C10:30 - 1 7.82 0.31 0.35  0.00  0.08 0.20 0.00  0.3778 
11-A-1807  C11:30 - 1 8.02 0.29 0.35  0.00  0.08 0.20 0.00  0.3944 
11-A-1808  C12:30 - 1 7.68 0.26 0.36  0.00  0.08 0.20 0.00  0.3694 
11-A-1809  C13:30 - 1 7.83 0.32 0.37  0.00  0.08 0.30 0.00  0.3944 
11-A-1810  C14:30 - 1 7.97 0.35 0.38  0.00  0.10 0.20 0.00  0.4778 
11-A-1811  LM – 16:00-5 8.41 0.08 0.38  0.00  0.09 0.20 0.00  0.4694 
11-A-1812  LM  6:00-4 8.11 0.11 0.39  0.00  0.10 0.20 0.00  0.0694 
11-A-1813  LM 16:00-4 8.63 0.12 0.39  0.00  0.09 0.20 0.00  0.0611 
 
 
 
 
Responsable:_______________________ 
Ing. Dania Pamela Oliva 
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Annex 2. Rainfall data monthly Cianuro Watershed 
 
Rainfall  (mm)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1988 58.5 38.4 30.1 39.9 157.2 392.3 531 508 621.3 287.1 36.3 67.2 2767.3
1989 70.3 31.6 94.2 38 95.6 257.9 228.4 382.4 387.9 165.5 75 80.2 1907
1990 48.5 20 23.1 41.8 157.2 413.3 727.3 594.9 498.9 194.1 138 76.6 2933.7
1991 22.3 6 24.5 7.9 49.9 603.2 599.1 496.9 469.5 50.8 80.1 130.6 2540.8
1992 66.2 54.3 29.8 16.8 99.4 340.2 626.3 235.3 334.9 210.2 161.9 118.2 2293.5
1993 89.6 47.7 27.4 12 203.6 163 335.1 561.7 560.7 326.8 288.9 43.8 2660.3
1994 39 84.5 28.7 62.6 155.2 387.9 263.9 500.5 674 260.3 318.4 109.9 2884.9
1995 93.5 19.3 11.3 22 121.6 302.6 270.5 196.9 318.9 201.4 133.7 144.5 1836.2
1996 44.4 8.5 14.7 39.9 141 451.3 219.1 403.6 557.6 233.8 80.4 98.1 2292.4
1997 69.6 17.7 31.5 5.5 138.8 360.4 308.9 312.2 502.6 314.3 96.2 77.6 2235.3
1998 67.2 28.8 31.7 37.8 199 138.1 214.1 421.7 471.7 344.3 131.4 53.1 2138.9
1999 47.5 63.3 2.3 82.5 66.8 395.5 290.8 486.6 478.5 155 44.8 74.3 2187.9
2000 60.7 22.4 60.8 101.2 357.6 299.9 428.6 442.6 304.6 286.7 209.2 43.2 2617.5
2001 38.8 35.9 42.3 14.9 36.1 325.5 275.8 305.8 342.3 244.7 204.9 27.7 1894.7
2002 39.3 1.2 44.4 30.3 271.2 333.3 382.5 316.6 214.2 233.8 169.7 91.1 2127.6
2003 77.2 70.6 3.8 118.5 84.6 391.6 392.9 258.8 517.6 272.3 84.6 67.4 2339.9
2004 40.3 40.4 2.5 6.3 296.1 380.1 255 299.8 314.5 230.6 77.6 154.9 2098.1
2005 58.0 61.9 37.5 23.0 206.3 237.4 339.5 404.6 252.9 249.0 82.5 33.8 1986.4
2006 33.3 86.1 7.9 11.7 144.7 227.1 346.9 242.4 329.2 237.4 77.9 59.6 1804.2
2007 92.6 59.4 28.0 12.7 163.1 234.9 277.5 380.7 334.2 234.1 91.8 35.4 1944.4
2008 45.4 23.7 32.5 107.8 141.3 299.4 226.2 218.3 294.9 170.1 95.0 82.6 1737.2
2009 39.7 9.6 69.0 18.0 138.9 483.8 358.4 510.7 506.0 227.5 138.6 64.5 2564.7
2010 103.7 50.8 13.7 67.1 189.6 490.5 321.1 383.6 350.5 248.1 67.7 110.5 2396.9
AVERAGE 58.5 38.4 30.1 39.9 157.2 343.9 357.3 385.4 419.0 233.8 125.4 80.2 2252.7
AVERAGE. 88-2010 58.5 38.4 30.1 39.9 157.2 343.9 357.3 385.4 419.0 233.8 125.4 80.2 2252.7
MAX 103.7 86.1 94.2 118.5 357.6 603.2 727.3 594.9 674.0 344.3 318.4 154.9 2884.9
MIN 22.3 1.2 2.3 5.5 36.1 138.1 214.1 196.9 214.2 50.8 36.3 27.7 1737.2
STAND. DEVIATION 21.9 24.7 22.0 34.9 78.4 106.5 136.3 112.9 121.2 64.5 71.1 35.3 327.2
DATA SOURCE: ENEE
CIANURO Historic Data
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Annex 3. Rainfall data monthly Varsovia Watershed 
 
Annex 4. Rainfall data monthly Yure Watershed 
Rainfall  (mm)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1988 124.4 127.2 87 1.6 186.8 282.5 504.3 469.9 307.2 611.7 86.8 263.6 3053
1989 103.9 129.7 137.8 146.8 45.9 145.3 245.9 382.7 469.6 297.1 228.3 232.9 2565.9
1990 99.8 38.4 66 78.8 173.2 391.6 447.3 514.4 399.6 343.4 311.9 133.1 2997.5
1991 74.5 60.8 69.6 17.6 78.2 391.9 501.9 525.2 293.9 102.5 140.7 274.6 2531.4
1992 166.7 187.3 40.5 11.4 72.2 305.1 559.8 395.1 405.6 473.7 196.1 257.2 3070.7
1993 260.7 146.2 9.1 93.4 251.8 239 413 397.7 567.9 302.5 232.8 63.2 2977.3
1994 213.8 35.3 185.1 232.1 123.2 407.2 365.5 712.8 596.3 343.4 479 351.9 4045.6
1995 136.1 87.1 43 96.9 174.1 436.6 474.6 267.1 306.4 573.2 348.5 208.3 3151.9
1996 136.3 65 55.5 71.5 51.6 557.8 223.9 406.2 725.2 834.2 113.6 178.3 3419.1
1997 82 46.9 83.5 55.6 42.1 317.5 350 482.5 553.4 437.3 201 142.4 2794.2
1998 120.9 88.1 84.7 50.9 232.1 20.3 375.6 225.8 751 356.6 238 123.3 2667.3
1999 69.2 96.8 14.2 184 174.1 237.9 301.5 589.4 335.2 177.6 124.8 94.3 2399
2000 34.2 85.7 66 78.8 172.2 319.8 373.3 409.2 418.8 343.4 198.6 156.8 2656.8
2001 136.1 84.8 141.8 26.4 104.3 414.5 334.1 356.7 328.4 313.7 218.2 0 2459
2002 53.3 1.3 63.5 0 143.1 256.8 348 379 206.3 343.4 242.8 166.2 2203.7
2003 136.1 84.8 66 78.8 172.2 319.8 373.3 409.2 418.8 253.3 195.3 112.5 2620.1
2004 130.5 118.7 39.3 22.2 297.6 294.3 266.7 361.9 445.8 389.3 184.8 219.8 2770.9
2005 340.8 23.1 66.0 99.9 94.8 352.2 220.7 233.5 182.1 320.5 68.2 133.9 2135.7
2006 115.1 124.8 61.4 95.4 111.5 123.9 283.8 317.6 341.9 278.7 154.1 139.9 2148.1
2007 177.2 61.1 37.2 7.0 146.8 307.8 384.7 362.4 270.7 594.0 216.4 156.8 2722.1
2008 136.7 63.1 169.3 93.7 393.8 236.5 340.1 287.7 615.8 266.0 195.4 126.5 2924.6
2009 101.2 15.3 49.7 21.2 251.0 333.2 429.5 476.0 644.5 248.5 167.0 156.8 2893.9
2010 210.3 130.3 81.7 82.4 211.8 395.9 351.0 414.6 300.0 405.7 63.5 186.5 2833.7
AVERAGE 136.1 84.8 66.0 78.8 172.2 319.8 373.3 409.2 418.8 343.2 195.9 156.8 2684.3
AVERAGE. 88-2010 139.0 90.5 61.8 82.1 163.5 323.5 364.7 425.6 416.1 373.4 198.6 166.5 2717.7
MAX 340.8 364.6 190.8 244.9 457.1 621.1 732.7 877.7 836.1 834.2 516.2 468.2 4107.1
MIN 13.7 1.3 4.9 0.0 24.8 20.3 27.7 0.0 7.6 34.4 15.2 0.0 231.7
STAND. DEVIATION 74.3 62.0 51.9 64.1 97.3 133.3 144.6 166.0 168.5 158.5 105.3 89.0 614.7
DATA SOURCE: ENEE
VARSOVIA Historic Data
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Rainfall  (mm)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1988 120.9 77.6 63 67.5 190.6 232.7 701.7 577.4 641.5 338.4 139.4 235.5 3386.2
1989 149 127 142.3 145.6 44.6 358.6 400.1 374.5 556.5 311.2 164.7 245.2 3019.3
1990 144.6 27.3 59.7 68.6 92.7 504.2 663 678.6 656.5 247.1 312.3 75.8 3530.4
1991 71.5 8 88.5 19.9 41 527.1 667.5 510.3 739.5 91.2 135.9 237 3137.4
1992 139.8 115.8 75.2 18.8 40.6 491.7 601.8 377.5 472.1 369.1 259.8 231.1 3193.3
1993 187.3 131.3 28.8 35.2 152.2 146.4 349.7 498.5 462 335 360.3 101.3 2788
1994 91.2 88.5 83.2 129.3 288.7 417.9 568.6 719.8 664.4 265.4 385.2 338.1 4040.3
1995 143.7 66 30.5 14.9 126.5 366.5 513.2 503.4 490 200.3 274.8 195.7 2925.5
1996 90.8 43.1 30.5 44.4 127.4 381.9 485 472.9 707.3 297.8 87.6 149.2 2917.9
1997 89.1 28.2 112 64.8 82 456.2 369.4 548.6 625.2 522.7 175.9 155.8 3229.9
1998 127.5 80.4 77.8 143.4 203.3 279.5 371.5 545.4 682.5 383.2 199.2 172.6 3266.3
1999 76 98.3 6.1 67.5 190.6 364.6 505.1 523.5 454.8 263.6 81.1 208.1 2839.3
2000 174.8 71.1 49.1 108.2 471.8 369.7 415.3 524 638.7 297.8 219.4 172.6 3512.5
2001 120.9 77.6 63 67.5 190.6 364.6 505.1 533.5 129.3 19.4 349.9 47.7 2469.1
2002 84.3 2.2 99.6 51.9 317.4 313.4 621 496.8 269.8 297.8 418.8 142.8 3115.8
2003 131.2 59.2 25.6 91.5 100.3 368.7 508.4 544.9 389.3 511.1 151.6 126.7 3008.5
2004 85.6 76.6 11.7 9 512.9 0 416.6 514.3 463.9 208.9 190.5 209 2699
2005 154.2 102.3 70.2 94.2 286.8 284 436.5 675.2 377.2 223.7 110.6 125.8 2940.7
2006 105.5 171.7 22.7 36.2 156.9 472.5 406.8 569.3 511.7 365.5 175.1 162.7 3156.6
2007 185.1 91.5 101.9 48.5 178.1 326.5 499.7 470.4 613 344.6 213.7 89.9 3162.9
2008 70.5 57.8 66.6 79.7 228.7 424.5 512.3 186.5 313.1 215.8 224.2 187 2566.7
2009 57.6 25.9 80.5 17.2 139.3 320.6 430.9 522.6 718.1 431.5 236.3 147 3127.5
2010 179.1 156.8 60.9 129.3 220.2 614.2 669.1 657.6 819.9 307.7 179.6 212.7 4207.1
AVERAGE 120.9 77.6 63.0 67.5 190.6 364.6 505.1 523.5 558.7 297.8 219.4 172.6 3220.3
AVERAGE. 88-2010 120.9 77.6 63.0 67.5 190.6 364.6 505.1 523.5 558.7 297.8 219.4 172.6 3220.3
MAX 187.3 171.7 142.3 145.6 512.9 614.2 701.7 719.8 819.9 522.7 418.8 338.1 4207.1
MIN 57.6 2.2 6.1 9 40.6 0 349.7 186.5 269.8 19.4 81.1 47.7 2566.7
STAND. DEVIATION 40.8 45.5 35.0 44.2 128.4 132.5 109.4 120.1 147.8 120.6 93.9 66.5 421.7
DATA SOURCE: ENEE
YURE Historic Data
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Annex 5. River Discharge Data 
m3/s 
Reading Cianuro Yure Varsovia 
1 2.36 5.75 3.67 
2 2.59 5.55 3.62 
3 2.37 4.99 3.39 
4 1.87 5.37 3.67 
5 1.91 5.35 3.41 
6 2.29 5.49 3.68 
7 2.29 4.61 3.41 
8 2.33 5.34 3.24 
9 2.60 5.39 3.39 
Average 2.48 5.66 3.65 
 
Annex 6. Specific Load Data 
 
S/cm %
TIME # Lab. Muestra pH C.E. M.O P K Cl N03 SO 2-
06:30 11-A-1784 Y 6: 30-2 7.06 340 0.00 0.00 885.14 1148.06 0.00 732.69
07:30 11-A-1785 Y 7: 30-2 7.13 40 0.03 0.00 427.31 1108.47 0.00 770.37
08:30 11-A-1786 Y 8: 30-2 7.05 40 0.06 0.00 493.37 995.43 0.00 635.28
09:30 11-A-1787 Y 9: 30-2 7.12 40 0.08 0.00 413.02 1071.40 0.00 442.56
10:30 11-A-1788 Y 10: 30-2 7.11 40 0.11 0.00 529.05 1067.43 0.00 500.82
11:30 11-A-1789 Y 11: 30-2 7.06 40 0.13 0.00 422.28 1095.42 0.00 576.16
12:30 11-A-1790 Y 12: 30-2 7.16 30 0.14 0.00 405.42 920.23 0.00 535.65
13:30 11-A-1791 Y 13: 30-2 7.29 40 0.17 0.00 469.75 533.12 0.00 440.43
14:30 11-A-1792 Y 14: 30-2 7.09 40 0.19 0.00 474.37 538.37 0.00 505.18
06:30 11-A-1793 V 6: 30-3 7.59 250 0.21 0.00 267.12 485.05 0.00 145.60
07:30 11-A-1794 V 7: 30-3 7.76 570 0.22 0.00 236.67 477.51 0.00 224.04
08:30 11-A-1795 V 8: 30-3 7.61 80 0.24 0.00 172.53 447.57 1407.00 235.41
09:30 11-A-1796 V 9: 30-3 7.76 60 0.25 0.00 213.56 242.38 761.95 173.04
10:30 11-A-1797 V 10: 30-3 7.89 70 0.26 0.00 247.73 224.92 982.04 236.60
11:30 11-A-1798 V 11: 30-3 8 80 0.27 0.00 267.39 485.54 0.00 118.50
12:30 11-A-1799 V 12: 30-3 8 80 0.28 0.00 198.19 449.86 589.26 135.04
13:30 11-A-1800 V 13: 30-3 8.35 70 0.30 0.00 211.93 213.80 0.00 176.63
14:30 11-A-1801 V 14: 30-3 8.35 70 0.31 0.00 221.60 447.11 39.04 134.21
06:30 11-A-1802 C6:30 - 1 7.64 270 0.31 0.00 118.87 404.72 494.78 628.22
07:30 11-A-1803 C7:30 - 1 7.8 300 0.32 0.00 97.83 444.09 258.53 656.11
08:30 11-A-1804 C8:30 - 1 7.75 290 0.33 0.00 119.47 271.18 0.00 646.80
09:30 11-A-1805 C9:30 - 1 7.69 250 0.34 0.00 82.32 213.55 18.65 533.32
10:30 11-A-1806 C10:30 - 1 7.82 310 0.35 0.00 96.37 218.73 0.00 558.68
11:30 11-A-1807 C11:30 - 1 8.02 290 0.35 0.00 115.31 261.74 0.00 697.91
12:30 11-A-1808 C12:30 - 1 7.68 260 0.36 0.00 115.53 262.24 0.00 654.91
13:30 11-A-1809 C13:30 - 1 7.83 320 0.37 0.00 117.46 399.91 0.00 710.88
14:30 11-A-1810 C14:30 - 1 7.97 350 0.38 0.00 163.82 297.48 0.00 960.91
mg/s/km2
110 
 
Annex 7. Hardness Experiment Data 
 
Annex 8. cfu/g Bacillus natto in eco-block Data 
sample type mass
Hardness 
(newtons/cm2) longitude diameter Sample # dry mass wet mass longitude dry longitude wet diameter drydiameter wet Dry Density Wet A density Wet B density
0 1.66 29.52 20.1 9.7 1 1.66 2.1 20.1 20.4 10.0 10.0 1.117580153 1.038862116 1.279480915
250 1.7 19.68 21.5 9.2 2 1.7 2.0 19.5 18.5 9.9 9.9 1.189446535 1.032611164 1.383356857
100 1.54 26.445 18.2 9.2 3 1.54 1.9 17.5 17.5 10.1 10.1 1.272869255 1.098373492 1.369400718
0 1.66 29.52 19.5 9.9 4 1.66 2.0 19.4 19.2 9.8 9.1 1.105893247 1.0592243 1.593599489
500 1.59 19.68 19.0 10.0 5 1.59 2.3 21.1 22.0 9.9 10.6 1.065500461 1.151327507 1.205290032
250 1.6 15.99 20.6 9.5 6 1.6 2.1 21.1 20.9 9.3 9.7 1.095760574 1.158163448 1.346739812
0 1.71 40.59 20.4 9.7 7 1.71 2.0 18.5 19.1 10.1 10.5 1.134312174 1.052495484 1.191144307
1000 1.72 12.915 21.3 9.5 8 1.72 2.2 21.9 21.8 9.5 9.2 1.139230888 1.14022894 1.538802323
1000 1.59 14.145 20.0 9.7 9 1.59 2.3 20.9 20.6 10.1 9.8 1.075805546 1.104823271 1.486629432
1000 1.73 11.07 21.6 9.1 10 1.73 2.1 19.1 19.0 9.6 9.9 1.231458231 1.200721738 1.408488641
1000 1.85 12.3 24.0 9.2 11 1.85 2.1 19.8 19.9 9.9 9.6 1.159564606 1.043209813 1.437093158
100 1.75 29.52 20.4 9.0 12 1.75 2.0 21.0 21.0 9.8 9.9 1.348444204 0.984834538 1.212485367
1000 1.73 11.685 22.1 10.1 13 1.73 2.2 19.6 19.9 10.4 10.4 0.977059925 1.08108508 1.313237689
1000 1.51 6.765 18.5 9.9 14 1.51 2.0 18.5 18.3 10.0 10.0 1.06033952 1.094297771 1.363688256
250 1.59 20.91 20.5 9.7 15 1.59 2.3 18.5 18.4 9.4 9.5 1.049566386 1.106040494 1.725152942
500 1.55 19.065 20.4 9.5 16 1.55 1.8 22.0 22.1 9.5 10.5 1.071925096 1.15428415 0.930163405
250 1.83 26.445 21.0 9.3 17 1.83 1.8 18.0 18.0 9.7 9.5 1.282850408 1.07505376 1.395116276
500 1.77 18.45 22.6 9.5 18 1.77 2.0 19.3 19.1 9.3 9.5 1.104912114 1.228040779 1.492041525
250 1.56 21.525 19.7 9.5 19 1.56 2.0 18.0 17.9 9.9 9.1 1.117175184 1.104227745 1.674977256
0 1.78 38.745 21.1 9.9 20 1.78 2.0 20.4 19.7 10.1 10.0 1.095916023 1.00953446 1.318481559
100 1.68 28.905 20.9 9.5 21 1.68 2.4 22.0 22.3 10.1 10.0 1.134033551 1.094969442 1.347464272
100 1.55 28.905 20.9 9.5 22 1.55 2.0 19.2 20.4 9.6 9.8 1.046280955 1.144098848 1.299743923
1000 1.78 12.3 21.9 10.1 23 1.78 2.2 20.5 20.4 9.6 10.1 1.01447946 1.199592644 1.358282728
0 1.59 28.29 19.0 9.7 24 1.59 2.3 22.0 20.2 10.0 9.8 1.13242689 1.053316351 1.502941512
500 1.62 18.45 20.3 9.5 25 1.62 2.1 20.4 20.3 9.9 9.8 1.125853506 1.06984003 1.364923199
250 1.65 22.14 21.0 9.7 26 1.65 2.1 20.3 20.1 9.8 9.8 1.090628111 1.11527503 1.40274835
250 1.65 23.37 21.0 9.7 27 1.65 2.1 20.3 20.1 9.8 9.8 1.087911243 1.116513856 1.404379067
500 1.65 23.37 21.0 9.7 28 1.65 2.1 20.4 20.2 9.8 9.8 1.085194375 1.117752682 1.406009784
100 1.65 25.83 21.1 9.7 29 1.65 2.1 20.4 20.2 9.8 9.8 1.082477507 1.118991508 1.407640502
1000 1.64 14.145 21.1 9.7 30 1.64 2.1 20.4 20.2 9.8 9.8 1.079760639 1.120230334 1.409271219
0 1.64 29.52 21.1 9.7 31 1.64 2.1 20.5 20.2 9.8 9.8 1.077043771 1.121469159 1.410901937
250 1.64 18.45 21.2 9.7 32 1.64 2.1 20.5 20.2 9.8 9.8 1.074326903 1.122707985 1.412532654
0 1.64 33.21 21.2 9.7 33 1.64 2.1 20.5 20.2 9.7 9.8 1.071610035 1.123946811 1.414163371
100 1.64 27.675 21.2 9.7 34 1.64 2.1 20.5 20.3 9.7 9.8 1.068893167 1.125185637 1.415794089
100 1.63 25.83 21.2 9.7 35 1.63 2.1 20.6 20.3 9.7 9.7 1.066176299 1.126424463 1.417424806
100 1.63 25.83 21.3 9.7 36 1.63 2.1 20.6 20.3 9.7 9.7 1.063459431 1.127663289 1.419055524
500 1.63 14.145 21.3 9.7 37 1.63 2.1 20.6 20.3 9.7 9.7 1.060742563 1.128902114 1.420686241
500 1.63 15.375 21.3 9.7 38 1.63 2.1 20.7 20.3 9.7 9.7 1.058025695 1.13014094 1.422316958
0 1.63 28.29 21.4 9.7 39 1.63 2.1 20.7 20.4 9.7 9.7 1.055308827 1.131379766 1.423947676
500 1.63 15.375 21.4 9.7 40 1.63 2.1 20.7 20.4 9.7 9.7 1.052591959 1.132618592 1.425578393
Hardness Experiment
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CFU average cfu/g Max-average average-Min
3days sample1 sample2 sample3 block mass
count 231 103 111
dillution 1.00E+04 1.00E+04 1.00E+04
CFU 2310000 1030000 1110000
CFU/g 824327 367557 396105
count 1061 575 420
dillution 1.00E+04 1.00E+04 1.00E+05
CFU 10610000 5750000 42000000
CFU/g 4306758 2334011 17048428
count 361 321 291
dillution 1.00E+05 1.00E+05 1.00E+05
CFU 36100000 32100000 29100000
CFU/g 16620424 14778826 13397627
count 258 241 373
dillution 1.00E+05 1.00E+05 1.00E+05
CFU 25800000 24100000 37300000
CFU/g 11482914 10726288 16601267
count 61 53 48
dillution 1.00E+05 1.00E+05 1.00E+05
CFU 6100000 5300000 4800000
CFU/g 2557150 2221786 2012183
CFU average cfu/g Max-average average-Min
5days sample1 sample2 sample3 block mass
count 302 469 318
dillution 1.00E+04 1.00E+04 1.00E+04
CFU 3020000 4690000 3180000
CFU/g 1154900 1793537 1216087
count 345 489 110
dillution 1.00E+05 1.00E+05 1.00E+06
CFU 34500000 48900000 110000000
CFU/g 15782123 22369444 50319813
count 1014 1179 820
dillution 1.00E+05 1.00E+05 1.00E+05
CFU 101400000 117900000 82000000
CFU/g 45228882 52588611 36575624
count 247 262 244
dillution 1.00E+06 1.00E+06 1.00E+06
CFU 247000000 262000000 244000000
CFU/g 108526298 115116964 107208165
count 286 373 186
dillution 1.00E+04 1.00E+05 1.00E+05
CFU 2860000 37300000 18600000
CFU/g 1274094 16616678 8286064
8725612 7891066 7451518
44797706 7790905 8222081
110283809 4833155 3075644
2210535
251523
2.61
2.19
2.24
2.28
1388174 405362 233274
29490460
7896399 9152029 5562388
14932293
12936823
2263706
1688132
3664444
293443
1534665
529330 294997 161773
2.80
2.46
2.17
2.25
2.39
1000 2.24
500
100
250
0
20829353 13708337
1000
500
100
250
0
112 
 
Annex 9. Glucose Consumption eco-block inoculated with Bacillus natto Data 
 
 
Annex 10. Eri Silkmoth Life cicle and production 
 
Sample mass
B 15.0 15.0 14.2 14.9 14.9 13.9 14.3 14.3 13.6 14.3 13.7 13.6 14.3 13.7 13.6 14.3 13.7 13.6 4.8550
Sample mass
B 4.9 4.8 4.9 4.8 4.8 4.9 4.7 4.7 4.8 4.7 4.7 4.8 4.7 4.7 4.8 4.7 4.7 4.8 5.4550
24h 36h
15% Glucose solution
5% Glucose solution
48h
0h 3h 12h 24h 36h 48h
0h 3h 12h
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Annex 11. Lactobacillus inoculated eri cocoon Glucose consumption Data 
 
Sample Mass 0 hours 3 hours 24 hours 72 hours 12 hours 192 hours 288 hours 360 hours 408 hours 480 hours Sample Mass 0 hours 3 hours 24 hours 72 hours 12 hours 192 hours 288 hours 360 hours 408 hours 480 hours
1 0.1353 15.1 12.7 12.7 12.6 12.5 12.3 12.2 11.9 11.9 11.5 1 0.1418 5.5 4.7 4.7 4.6 4.5 4.5 4.4 4.4 4.3 4.3
2 0.1491 5.5 4.7 4.7 4.7 4.6 4.6 4.5 4.4 4.3 4.1 2 0.1412 15.1 11.3 11.3 11.2 11.2 11.2 11.1 10.9 10.8 10.7
3 0.1489 15.1 11.9 11.3 11.3 11.2 11.1 11.1 11.1 11.1 11 3 0.1408 0.0 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
4 0.1446 0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 4 0.1422 5.5 4.9 4.9 4.9 4.8 4.8 4.7 4.6 4.6 4.5
5 0.1476 5.5 4.9 4.8 4.7 4.7 4.7 4.6 4.5 4.5 4.4 5 0.1423 5.5 4.6 4.6 4.5 4.4 4.4 4.4 4.3 4.3 4.3
6 0.1383 15.1 12.5 12.1 12 11.9 11.9 11.8 11.8 11.8 11.7 6 0.1428 15.1 12.0 11.8 11.8 11.7 11.7 11.7 11.7 11.7 11.7
7 0.1878 5.5 4.8 4.8 4.6 4.5 4.4 4.2 4 3.8 3.6 7 0.1426 0.0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
8 0.1516 5.5 5 4.8 4.7 4.6 4.6 4.4 4.2 4.2 4.2 8 0.1438 15.1 12.2 12.0 12.0 12.0 12.0 12.0 12.0 12.0 11.8
9 0.1487 0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 9 0.1411 5.5 4.7 4.5 4.5 4.5 4.5 4.5 4.4 4.2 4.2
10 0.1376 15.1 11.5 11.2 11.2 11.1 11.1 10.9 10.9 10.8 10.8 10 0.1435 15.1 12.1 11.9 11.9 11.7 11.7 11.7 11.7 11.7 11.6
max 0.1878 12.7000 12.7000 12.6000 12.5000 12.3000 12.2000 11.9000 11.9000 11.7000 max 0.1438 12.2000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 11.8000
minimum 0.1353 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 minimum 0.1408 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000
average 0.1490 6.8800 6.7200 6.6600 6.5900 6.5500 6.4500 6.3600 6.3200 6.2100 average 0.1422 6.7200 6.6400 6.6100 6.5500 6.5500 6.5200 6.4700 6.4300 6.3800
STD 0.0148 4.8593 4.7232 4.7150 4.6810 4.6474 4.6285 4.6181 4.6238 4.5732 STD 0.0010 4.7721 4.7070 4.7057 4.6827 4.6827 4.6809 4.6738 4.6786 4.6339
Sample Mass 0 hours 3 hours 24 hours 72 hours 12 hours 192 hours 288 hours 360 hours 408 hours 480 hours Sample Mass 0 hours 3 hours 24 hours 72 hours 12 hours 192 hours 288 hours 360 hours 408 hours 480 hours
1 0.1411 5.5 4.7 4.7 4.7 4.6 4.5 4.3 4.1 4.0 3.9 1 0.1411 0.0 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4
2 0.1432 0.0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 2 0.1422 15.1 11.9 11.8 11.7 11.6 11.4 11.3 11.3 11.2 11.2
3 0.1455 15.1 11.5 11.5 11.5 11.4 11.4 11.3 11.3 11.2 11.2 3 0.1436 15.1 12.8 12.6 12.6 12.6 12.6 12.4 12.4 12.3 12.3
4 0.1406 15.1 12.0 12.0 11.9 11.9 11.9 11.7 11.7 11.7 11.4 4 0.1467 5.5 4.8 4.8 4.8 4.7 4.7 4.6 4.6 4.5 4.5
5 0.1426 15.1 11.8 11.8 11.8 11.8 11.8 11.7 11.6 11.6 11.5 5 0.1409 5.5 4.9 4.9 4.9 4.7 4.6 4.4 4.3 4.2 4.0
6 0.1428 0.0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 6 0.1414 15.1 12.3 12.3 12.1 12.1 12.1 12.0 12.0 12.0 11.9
7 0.1421 5.5 4.5 4.3 4.2 4.2 4.2 4.2 3.9 3.8 3.6 7 0.1478 5.5 4.8 4.7 4.6 4.6 4.5 4.3 4.2 4.1 4.1
8 0.1414 5.5 4.6 4.6 4.5 4.4 4.3 4.2 4.1 4.1 4.0 8 0.1448 15.1 12.1 12.0 11.9 11.8 11.8 11.8 11.8 11.8 11.8
9 0.1449 15.1 12.8 11.9 11.7 11.7 11.7 11.5 11.5 11.5 11.4 9 0.1456 0.0 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3
10 0.1417 5.5 4.8 4.6 4.5 4.4 4.4 4.4 4.3 4.2 4.0 10 0.1435 5.5 4.6 4.6 4.5 4.5 4.5 4.3 4.2 4.1 3.9
max 0.1455 12.8000 12.0000 11.9000 11.9000 11.9000 11.7000 11.7000 11.7000 11.5000 max 0.1478 12.8000 12.6000 12.6000 12.6000 12.6000 12.4000 12.4000 12.3000 12.3000
minimum 0.1406 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 minimum 0.1409 0.4000 0.4000 0.4000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000
average 0.1426 6.7500 6.6200 6.5600 6.5200 6.5000 6.4100 6.3300 6.2900 6.1800 average 0.1438 6.9100 6.8600 6.8000 6.7300 6.6900 6.5800 6.5500 6.4900 6.4400
STD 0.0016 4.8370 4.7384 4.7164 4.7192 4.7289 4.6701 4.6945 4.6988 4.6688 STD 0.0024 4.9140 4.8695 4.8321 4.8520 4.8398 4.8244 4.8402 4.8365 4.8461
Untreated Soaked in water
Autoclaved Twisted yarn
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Annex 12. Comparison Data eri cocoon 
 
 
medium EM I rate Code G high G low NO3
cocoon Lactobacillus 16585820895.5224 CL3h 11.9621 3.3014 2.981183
cocoon Lactobacillus 15447761194.0299 CL12h 13.1227 3.5372 2.943548
cocoon Lactobacillus 13787313432.8358 CL24h 13.3012 3.8516 3.008065
cocoon Lactobacillus 11791044776.1194 CL36h 13.6583 4.0874 3.024194
cocoon Lactobacillus 18488805970.1493 CL48h 13.9261 4.1660 3.024194
cocoon Lactobacillus 2000000000.0000 CL3h 12.1165 4.4146 4.235294
cocoon Lactobacillus 3254545454.5455 CL12h 12.9010 4.7678 5.401961
cocoon Lactobacillus 5545454545.4546 CL24h 13.1625 5.0327 5.401961
cocoon Lactobacillus 3600000000.0000 CL36h 13.2497 5.2975 5.617647
cocoon Lactobacillus 3690909090.9091 CL48h 13.2497 5.4741 5.647059
cocoon Lactobacillus 18508287292.8177 CL3h 12.4278 3.9655 3.719577
cocoon Lactobacillus 8821362799.2634 CL12h 12.9529 4.1417 3.365079
cocoon Lactobacillus 7200736648.2505 CL24h 13.0404 4.3179 3.068783
cocoon Lactobacillus 6279926335.1750 CL36h 13.3030 4.5823 5.920635
cocoon Lactobacillus 11878453038.6740 CL48h 13.3030 4.5823 5.920635
cocoon Lactobacillus 799256505.5762 CL3h 11.4510 4.0594 4.235294
cocoon Lactobacillus 2806691449.8141 CL12h 11.8007 4.1458 5.401961
cocoon Lactobacillus 1747211895.9108 CL24h 12.1503 4.3185 5.401961
cocoon Lactobacillus 2565055762.0818 CL36h 11.9755 4.2322 5.617647
cocoon Lactobacillus 947955390.3346 CL48h 12.1503 4.4049 5.647059
cocoon bacilus_natto 0.0000 CB3h 0.4391 0.0525 -0.07018
cocoon bacilus_natto 48571428571.4286 CB12h 0.8782 0.1575 0.105263
cocoon bacilus_natto 31428571428.5714 CB24h 0.7984 0.1575 0.105263
cocoon bacilus_natto 51428571428.5714 CB36h 0.9980 0.2625 0.105263
cocoon bacilus_natto 5714285714.2857 CB48h 0.9980 0.2625 0.105263
cocoon bacilus_natto 0.0000 CB3h 0.7175 0.1569 0.584795
cocoon bacilus_natto 7936507936.5079 CB12h 0.9567 0.2092 0.105263
cocoon bacilus_natto 0.0000 CB24h 0.8371 0.2092 0.175439
cocoon bacilus_natto 1587301587.3016 CB36h 0.7773 0.3137 0.163743
cocoon bacilus_natto 3174603174.6032 CB48h 0.7773 0.3137 0.163743
cocoon bacilus_natto 2702702702.7027 CB3h 0.6086 0.2861 0.023392
cocoon bacilus_natto 4054054054.0541 CB12h 0.9405 0.3433 0.175439
cocoon bacilus_natto 4054054054.0541 CB24h 0.8852 0.4006 0.05848
cocoon bacilus_natto 2702702702.7027 CB36h 0.9959 0.4578 0.070175
cocoon bacilus_natto 5405405405.4054 CB48h 0.9959 0.4578 0.116959
cocoon bacilus_natto 0.0000 CB3h 0.3333 0.0000 -0.07018
cocoon bacilus_natto 0.0000 CB12h 0.3333 0.0000 0.105263
cocoon bacilus_natto 12500000000.0000 CB24h 0.3333 0.0000 0.105263
cocoon bacilus_natto 0.0000 CB36h 0.6667 0.0000 0.105263
cocoon bacilus_natto 18750000000.0000 CB48h 0.6667 0.0000 0.105263
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Annex 13. Comparison Data eco-block 
 
medium EM I rate Code G high G low NO3
Block Lactobacillus 92197443.7136 BL3h 0.3161 0.1430 0.003684
Block Lactobacillus 87666977.3221 BL12h 0.3167 0.1467 0.003895
Block Lactobacillus 51111558.8690 BL24h 0.3189 0.1506 0.00439
Block Lactobacillus 34888791.9756 BL36h 0.3218 0.1527 0.013495
Block Lactobacillus 55090006.2073 BL48h 0.3229 0.1536 0.00444
Block bacilus_natto 97370983.4469 BB3h 0.0687 0.0122 0.002958
Block bacilus_natto 0.0000 BB12h 0.2746 0.0489 0.006573
Block bacilus_natto 0.0000 BB24h 0.3570 0.0489 0.003944
Block bacilus_natto 1168451801.3632 BB36h 0.3570 0.0489 0.00493
Block bacilus_natto 292112950.3408 BB48h 0.3570 0.0489 0.014789
Block Lactobacillus 92197443.7136 BL3h 0.3161 0.1430 0.003684
Block Lactobacillus 87666977.3221 BL12h 0.3167 0.1467 0.003895
Block Lactobacillus 51111558.8690 BL24h 0.3189 0.1506 0.00439
Block Lactobacillus 34888791.9756 BL36h 0.3218 0.1527 0.013495
Block Lactobacillus 55090006.2073 BL48h 0.3229 0.1536 0.00444
Block bacilus_natto 97370983.4469 BB3h 0.0687 0.0122 0.002958
Block bacilus_natto 0.0000 BB12h 0.2746 0.0489 0.006573
Block bacilus_natto 0.0000 BB24h 0.3570 0.0489 0.003944
Block bacilus_natto 1168451801.3632 BB36h 0.3570 0.0489 0.00493
Block bacilus_natto 292112950.3408 BB48h 0.3570 0.0489 0.014789
Block Lactobacillus 92197443.7136 BL3h 0.3161 0.1430 0.003684
Block Lactobacillus 87666977.3221 BL12h 0.3167 0.1467 0.003895
Block Lactobacillus 51111558.8690 BL24h 0.3189 0.1506 0.00439
Block Lactobacillus 34888791.9756 BL36h 0.3218 0.1527 0.013495
Block Lactobacillus 55090006.2073 BL48h 0.3229 0.1536 0.00444
Block bacilus_natto 97370983.4469 BB3h 0.0687 0.0122 0.002958
Block bacilus_natto 0.0000 BB12h 0.2746 0.0489 0.006573
Block bacilus_natto 0.0000 BB24h 0.3570 0.0489 0.003944
Block bacilus_natto 1168451801.3632 BB36h 0.3570 0.0489 0.00493
Block bacilus_natto 292112950.3408 BB48h 0.3570 0.0489 0.014789
Block Lactobacillus 92197443.7136 BL3h 0.3161 0.1430 0.003684
Block Lactobacillus 87666977.3221 BL12h 0.3167 0.1467 0.003895
Block Lactobacillus 51111558.8690 BL24h 0.3189 0.1506 0.00439
Block Lactobacillus 34888791.9756 BL36h 0.3218 0.1527 0.013495
Block Lactobacillus 55090006.2073 BL48h 0.3229 0.1536 0.00444
Block bacilus_natto 97370983.4469 BB3h 0.0687 0.0122 0.002958
Block bacilus_natto 0.0000 BB12h 0.2746 0.0489 0.006573
Block bacilus_natto 0.0000 BB24h 0.3570 0.0489 0.003944
Block bacilus_natto 1168451801.3632 BB36h 0.3570 0.0489 0.00493
Block bacilus_natto 292112950.3408 BB48h 0.3570 0.0489 0.014789
